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M-PM-Pol DETERMINATION OF THE SEPARATE LIPID AND Ca2+ PUMP PROTEIN PROFILE STRUCTURES WITHIN
RECONSTITUTED SARCOPLASMIC RETICULUM MEMBRANES VIA X-RAY AND NEUTRON DIFFRACTION. L. Her-
bette. C.T. Wan*, S. Fleischer, A. S a J. SeeliR* and J.K. Blasie. Univ. of Pa.,Phila,
PA 19104; Vanderbilt Univ., Nashi7lle, IN 37235; Biozentrum, Basel, Switzerland; Brookhaven
Nat'l Lab, Upton, NY 11973.
Lamellar X-ray and neutron diffraction were obtained from hydrated oriented multilayers of
functional reconstituted sarcoplasmic reticulum (RSR) membranes for several lipid/protein
(L/P) ratios. The reconstitution utilized SR lipids, dioleoyl lecithin (DOL) and SR lipid-
DOL mixtures; the DOL was either fully protonated or deuterated at the Cg 10positions in the
fatty-acid chains. The appropriately corrected lamellar X-ray and neutroA diffraction data
were phased either by swelling methods or by a generalized Patterson function analysis, pre-
viously developed for treating lamellar diffraction from lattice- disordered multilayers,
providing the corresponding unit cell electron and neutron scattering density profiles. Dif-
ference profiles between scaled pairs of neutron scattering profiles obtained from RSR mem-
branes containing protonated versus selectively deuterated DOL allowed a determination of the
locution of the deuterium labels in both DOL and RSR multilayer unit cell profiles to within
±1 A. These locations of the deuterium labels allowed a calculation of an approximate elec-
tron density profile for the lipid bilayer within the RSR membrane profiles. The correspond-
ing unit cell electron density profiles for the RSR multilayers were analyzed via a refine-
ment procedure to establish the separate protein and lipid profiles within the RSR membrane
profiles utilizing the experimentally determined approximate lipid profile.
M-PM-Po21FROZEN STATES OF MYELIN COMPARED BY X-RAY DIFFRACTION4 AND FREEZE-FRACTURE MICROSCOPY
D.A. KirschnerK, C. Hollingshead*, C. Thaxton*, D.L.D. Caspar, and D.A. Goodenough§. The
Rosenstiel Basic Medical Sciences Research Center, Brandeis University, Waltham, MA 02154;
tDepartment of Neuroscience, Children's Hospital Medical Center, Boston, MA 02115; and§Department of Anatomy, Harvard Medical School, Boston, MA 02115.
Coordinated freeze-fracture electron microscopy and X-ray diffraction were used to visual-
ize the morphological relation between compacted and native period membrane arrays inmyelin-
ated nerves treated with dimethylsulfoxide (DMSO). The extent of structural preservation by
freezing was evaluated by comparison of X-ray patterns from myelin at ambient and at low
temperature. Freeze-fracture replicas of myelin frozen after treatment with 20% DMSO-saline
show that the membrane layering is continuous between well-ordered membrane arrays having the
contracted and native periods. En face views show a clear segregation of particle-free and
particle-rich regions corresponding to compacted and native period membrane arrays. At lower
DMSO concentrations, X-ray patterns indicate there is less structural preservation, and the
replicas show smaller regions of compacted, particle-free membrane arrays. In non-cryoprotec-
ted nerve, strong diffuse scatter is observed in place of the discrete X-ray reflections in-
dicating that the lamellar structure is disrupted when the sample is frozen; and the repli-
cas show considerable rippling in the plane of the membrane and disordering of the membrane
arrays. The electron density profile of the membrane in DMSO-compacted myelin that has been
frozen shows that there is a small, uniform thermal expansion of the membrane unit and a
lipid reorganization on the cytoplasmic half of the bilayer. In myelin cryoprotected with
glycerol, X-ray diffraction reveals a transient compaction of membrane arrays which equili-
brate after 2-3 h at room temperature. The intermediate structure during this transition can
be trapped by freezing as shown by both X-ray diffraction and freeze-fracture microscopy.
M-PM-Po3 MYELIN SWELLING AND THE MEASUREMENT OF FORCES BETWEEN MYELIN MEMBRANES. R.P. Rand
N.L. Fuller* and L.J. Lis, Brock University, St. Catharines, Ontario.
We have observed by x-ray diffraction the myelin repeat spacings of tied lengths and col-
lagenase-treated samples of frog sciatic nerve. Both kinds of samples in normal Ringer's
solution gave identical spacings and intensities. We measured the net repulsive force between
myelin membranes in water at various degrees of swelling using an osmotic stress technique(Biophys. J. (1977) 18:209). As the external osmotic5pressure is decreased, tied myelin swells
to its limiting value of approx. 240R at about 4 x 10 dynes/cm . Further reduction of osmotic
pressure results in no further change in spacing, even in water. The collagenase treated
samples, on the other hand, continue to swell systematically well beyond thg limiting2value for
tied nerves reaching approx. 300R spacing against an osmotic pressure of 10 dynes/cm . Beyond
this point the x-ray reflections become broad and diffuse indicating increasing disorder in the
myelin array. We conclude that a mechanical restraint prevents nerve myelin from swelling
indefinitely in water and can be removed by collagenase without perturbing the membrane
structure. If we assume as has been observed (Worthington and Blaurock (1969) BBA 173:427) that
myelin swelling occurs primarily by an increase in the extracellular spacing and that the
double membrane thickness and cytoplasmic space remain constant at approx. 155X, we can
construct a diagram of the force between extracellular faces of the myelin membrane as a
function of their separation. For >20R separation we see a long-range force consistent with
electrostatic repulsion. For < 2OR we see a strong short-range repulsion that may indicate
hydration forces or steric interference between the approaching membranes.
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M-PM-Po4 MYELIN MEMBRANE STRUCTURE MODIFIED DURING PROCESSING FOR ELECTRON MICROSCOPY: AN
X-RAY DIFFRACTION ANALYSIS. D.A. Kirschner and C. Hollingshead*§.Department of Neuroscience,
Children's Hospital Medical Center, Boston, MA 02115, and 'The Rosenstiel Basic Medical
Sciences Research Center, Brandeis University, Waltham, MA 02154.
Electron density profiles calculated from X-ray diffraction patterns of sciatic nerves dtir-
ing processing for electron microscopy show significant changes in packing and molecular
structure of myelin membranes. Primary fixation with aldehydes results in closer apposition
and enhanced electron density at the cytoplasmic boundary, and increased separation at the ex-
ternal boundary between membrane units, but with little or no change in the 177A perlod or in
membrane bilayer thickness. gsmium fixation decreases the myelin period to 171-165 A, which
can be accounted for by a 3-6A thinning of the lipid bilayer, and increases the electron den-
sity in the lipid polar group regions, particularly on the cytoplasmic side, presumably due
to osmium deposition. Myelin fixed in glutaraldehyde or OSO4 retains its property to swell in
hypotonic media, but myelin fixed by sequential glutaraldehyde-OsO4 does not swell when sim-
ilarly treated indicating stabilized intermembrane contacts at external boundaries. Fixation
also prevents compaction of myelin membranes in dimethylsulfoxide suggesting that contacts
between proteins in the plane of the membrane become fixed as well. The final period of fixgd
sciatic nerve after embedding in water-miscible glutaraldehyde-carbohydrazide (GACH) is 165A.
In comparison, dehyqration of fixed nerve with ethanol or acetone produces a decrease in re-
peat period to -150A which is due entirely to a collapse of the external space between mem-
branes. Further, the electron dense peaks on either side of the cytoplasmic boundary are no
longer resolved as separate, which accounts for the appearance of the "fused" cytoplasmic
boundary observed in thin sections. Embedding in Epon induces little additional structural
modification of the fixed and dehydrated myelin.
M-PM-PoS ULTRASTRUCTURE AND LIPID ORGANIZATION IN CHOLESTEROL-ENRICHED AND
CHOLESTEROL-DEPLETED HUMAN ERYTHROCYTE MEMBRANES. S.W. Hui, M.P. Carpenter
and T.P. Stewart, Department of Biophysics, Roswell Park Memorial Institute,
Buffalo, New York 14263.
The cholesterol to phospholipid ratio (C/P) of human erythrocyte mem-
brane were manipulated by incubating with sonicated liposomes having C/P
ratios from 0.3 to 3.0. Morphology of all vesicle-treated cells were moni-
tored by dark field light microscopy, scanning, negative staining and freeze
fracture electron microscopy, to determine whether the sonicated vesicles
were actually incorporated into the erythrocyte membrane, or if the vesicles
merely adhere to the surface of the cell thus falsely affecting the C/P
ratio of the chemical analysis. It was found that vesicle adhesion and/or
inclusion were not significant at any one time during the incubation to
alter the C/P ratio of the cell membrane. Electron and x-ray diffraction
of ghost membrane shows changes of onset temperatures for lipid phase tran-
sitions, as a result of altering C/P ratio of the membrane. Distribution
of intramembraneous particles as a function of temperature and C/P ratio
was studied by freeze fracture. The results are discussed in terms of
heterogeneous distributions of lipids and proteins in membranes.
M-PM-Po6 EFFECT OF SURFACE ACTIVE AGENTS ON LIPID ORDER TO DISORDER TRANSITIONS IN HUMAN
ERYTHROCYTE MEMBRANES. A.S. Janoff,*l A.J. Bowdler,*2 A. Haug,*3 D.L. Mazorow,*l and E.J.
McGroartyl, Dept. of Biophysics,Dept. of Medicine2, MSU-DOE Plant Research Laboratory3,
Michigan State University, East Lansing, MI 48824.
At low concentrations a wide variety of surface active agents protect erythrocytes from
hypotonic and mechanical lysis. The exact mechanism of this protective action is not known.
In the present work washed human erythrocytes were suspended in human serum ultrafiltrate.
Electron paramagnetic resonance spectroscopy of spin labelled cells revealed an apparent
lipid order - disorder transition. In the presence of various compounds known to decrease
erythrocyte osmotic and mechanical fragility, the lipid order - disorder transition was
found to occur at lower temperatures compared to controls. These data suggest that the
physical state of erythrocyte membrane lipids may modulate the osmotic and/or mechanical
fragility of the intact cell.
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M-PM-Po7 FLUORESENCE STUDIES OF VESICLES DERIVED FROM HUMAN ERYTHROCYTES AND ENRICHED IN
BAND 3. A. M. Kleinfeld, E. D. Matayoshi, and A. K. Solomon, Biophysical Laboratory,
Harvard Medical School, Boston, MA 02115.
Vesicles enriched in band 3 were prepared from human red cell ghosts by the method of
Wolosin et al, J. Biol. Chem., 252:2419, 1976. Measurements of the fluorescent lifetimes
and steady state spectra were performed at 00 and 25° C using aqueous dispersions of the
unsonicated vesicles and the anthroyl fatty acid probes: 2-(9-anthroyl)stearate (2-AS),
12-(9-anthroyl )stearate (12-AS) and 16-(9-anthroyl )palmitate (16-AP). The tryptophan
emission spectrum of the vesicles was found to be about 10 nm blue shifted in comparison
with whole ghosts. Sonication of these vesicles for about 2 min caused appreciable
intensity reduction of the tryptophan emission. The vesicle:water partition was virtually
identical for each of the three probes and was constant over a six fold variation in the
probe concentration. The relative quantum efficiences were found to be 1, 1.2 and 1.4 for
2-AS, 12-AS and 16-AP respectively. Tryptophan-probe energy transfer efficiencies
determined from either lifetime or intensity quenching were in substantial agreement.
Results obtained for 2-AS, 12-AS and 16-AP were 0.90, 0.83, and 0.85 and 0.74, 0.67, and
0.57, at 00 and 250 C respectively. Assuming the probes partition preferentially into the
outer bilayer half, these results suggest that the spatial distribution of the tryptophan
is skewed away from the external membrane side. (Supported in part by NIH Grants
HL 05074-03 and RO1 HL 14820).
M-PM-Po8 GLUCOSE ADDUCTION OF THE HUMAN ERYTHROCYTE MEMBRANE. M. T. Kamlay, * and H. Mizukami,
Dept. of Biology, Wayne State Univ., Detroit, Michigan 48202.
Our recent investigations show that an elevated glucose concentration promotes glucose
adduction of the human erythrocyte membrane. Glucose adduction has been shown to occur more
readily to human hemoglobin and rat lens crystallines when the glucose concentration is ele-
vated, as found in diabetes mellitus. Erythrocytes from diabetics also have increased mem-
brane rigidity and aggregate more readily Intact human erythrocytes were incubated for 48
hrs. at ambient temperature in phosphate buffered saline containing 0.2% glucose doped with
4 pCi of D-[U-14C]glucose (333mCi/mmol) and 10,000 units chloramphenicol. The cells were
then incubated in the same media less radioactive glucose for 12 hrs.. Following this incu-
bation the cells were lysed and extensively washed until white ghosts were obtained. The
total radioactivity was measured by liquid scintillation counting. Membranes were also SDS
electrophoresed with and without dithiothreotol. Gels were stained with coomassie blue and
densitometry was preformed. Subsequently the gels were sliced and dissolved prior to the
addition of a standard Omniflour (Fischer) liquid scintillation cocktail.
Our results indicate that the erythrocytes adduct 1.5 x 10-9mmol D-[U-14C]glucose/mg pro-
tein or 5.08 x 10o6mmol total glucose/mg protein. The scintillation counting profile of the
gel slices does not correspond to the densitometric trace. The radioactivity seen at the top
of the gel may result from high molecular weight glycoproteins or undissociated membrane
fragments. A decrease in radioactivity is observed with the spectrin bands (1&2). The small
elevation in radioactivity seen around band 3 may result from these proteins or from glyco-
protein PAS-1. The increase in radioactivity between bands 4 and 5 may result from PAS-2.
That seen associated with bands 5 and 6 may be attributed to these proteins. The relatively
large increase near the end of the gel may result from PAS-3 or lipid.
M-PM-Po9 MICROSCOPIC FLUORESCENCE POLARIZATION STUDY OF CARBOCYANINE DYE ORIENTATION IN
ERYTHROCYTE MEMBRANE. Daniel Axelrod, Biophysics Research Division and Dept. of Physics,
University of Michigan, Ann Arbor, MI. 48109.
The orientation of an amphipathic, long acyl chain fluorescent carbocyanine dye [3,3'-
dioctadecylindocarbocyanine, or diI-C18-(3)] in a biological membrane is examined by steady-
state fluorescence polarization microscopy on portions of single erythrocyte ghosts. The
thermodynamically plausible orientation model most consistent with the experimental data
is one in which the diI-C18-(3) conjugated bridge chromophore is parallel to the surface
of the cell and the acyl chains are imbedded in the bilayer parallel to the phospholipid
acyl chains. Comparison of the predictions of this model with the experimental data yields
information on the intramolecular orientations of the dye's transition dipoles and on the
dye's rate of rotation in the membrane around an axis normal to the membrane.
In order to interpret the experimental data, formulae are derived to account for the
effect of high aperture microscopic observation on fluorescence polarization ratios. These
formulae are generally applicable to any high aperture polarization studies on microscopic
samples such as small portions of single cells.
(This work was supported by a University of Michigan Rackham Faculty Research Grant,
a Research Corporation Cottrell Research Grant, and NINCDS Grant #1 RO1 NS14565-01).
Biophysical Journal vol. 25, 1979 93a
M-PM-PolO ELECTRON DENSITY PROFILE OF THE INTACT RED BLOOD CELL MEMBRANE. L. McCaughan and
S. Krimm, Biophysics Research Division, University of Michigan, Ann Arbor, MI 48109.
In earlier workl we reported that the electron density profile of hemoglobin-free eryth-
rocyte membranes consists of a 55A-thick symmetric structure with a characteristic lipid
bilayer appearance (viz., a 47A headgroup separation). Our recent studies indicate that
the conditions that we used to prepare red cell ghosts for x-ray diffraction, and that have
been used by other investigators, facilitate the loss of spectrin. We have now prepared
what we believe to be intact membranes, in which the spectrin component is still associated
with the ghost, by means of various cross-linking reagents. A method has also been
developed for producing a fixed centrosymmetric unit cell contents (consisting of a pair
of membranes) on a variable lattice for determining phases by the swelling technique. X-ray
diffraction studies of the intact membranes yield an electron density profile that consists
of an asymmetric bilayer (with approximately the same dimensions as the spectrin-free
structure) and an additional density distribution in the cytoplasmic region. The relation-
ship of this structure to the previous symmetric profile, and to the present biochemical
model for the red cell membrane will be discussed. This research was supported by NIH
grant HL 18737.
1. J.B. Stamatoff, S. Krimm, and N.R. Harvie, Proc. Nat. Acad. Sci. 72, 531 (1975).
M-PM-PollMOLECULAR WEIGHT AND SUBUNIT COMPOSITION OF THE (Na+,K+)-TRANSPORT-ATPase COtrPLEX.
D.F. Hastings and J.A. Reynolds, Section on Physiology, Division Biochem/Phys/Pharm, The
Univ. of South Dakota Sch. Med., Vermillion, SD 57069.
Lubrol WX solubilized active complexes of (Na+,K+)-transport-ATPase were isolated from
the shark rectal gland of Carcharinus obscurus. Molecular weight measurements and homo-
geneity measurements were made using sedimentation equilibrium centrifugation. The smallest
active particle, which comprised more than 60% of all solubilized particles, contained
379,900 gm protein/mole complex and 61 moles phospholipid/mole complex. The peptide mole-
cular weight of the only two subunits found (a and a) proved to be 106,400 and 36,600 re-
spectively. The glycopeptide, (, has a total molecular weight of 51,700 when the carbo-
hydrate contribution is included. The a peptide constituted 62% of the total protein of
the complex and the ( peptide constituted the remaining 38%. The peptide composition of
the active complex is U2(4, 2 catalytic subunits plus 4 glucopeptides. This is a peptide
molar ratio of 1:2::=:f. No active complexes with the stoichiometry of a2B2 or ac12 were
detected.
M-PM-Pon OUABAIN-DEPENDENT CONFORMATIONAL CHANGES OF MAMMALIAN (NA- K)-ATPASE.
Robert A. Farley, Harvard University, Cambridge, Mass. 02138.
All of the catalytic activity and binding sites for substrates and
ligands identified thus far for mammalian (Na-K)ATPase are associated with
the larger of the two subunits of the enzyme. Although it is present in
all purified preparations of the enzyme, there has been no direct evidence
that the smaller glycoprotein subunit participates in catalysis. A
ouabain-dependent conformational change In the glycoprotein can be detected,
however, by exposure of the ATPase, to chymotrypsin. Incubation of the
ATPase with 5 mM MgClv, 10 ,MM ouabain, and subsequent digestion with
chymotrypsin cleaves the glycoprotein into at least two fragments. The
largest fragment has a MW on SDS-gels of about 40,000 and contains all of
the carbohydrate. The glycoprotein is not cleaved by chymotrypsin In the
absence of ouabain, nor by trypsin in the presence or absence of ouabain.
The catalytic subunit of the ATPase also undergoes a ouabain-dependent
conformational change which can be detected by chymotrypsin digestion.
In the absence of ouabain the 100,000 dalton polypeptide chain is cleaved
into at least two fragments, the largest of which is 77,000 daltons and
represents the carboxy-terminal region of the molecule. After incubation
with ouabain and magnesium, chymotrypsin digestion generates two fragments
of 35,000 daltons and 40,000 daltons. These fragments are derived from
the 77,000 dalton fragment by cleavage at a site which Is only partially
accessible to the protease in the absence of ouabain.
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M-PM-Pol3DIFFERENTIAL EFFECTS OF PCMBS ON CATIOIN TRANSPORI ACROSS APICAL AND BASOLATERAL
MEMBRANES OF TURTLE COLON D. C. Dawson and J. M. Nelson Dept. of Physiology & Biophysics,
University of Iowa, Iowa City, IA 52242
Na transport through the active path in turtle colon is equal to the short circuit current(Is ) and is abolished by amiloride. Exposure of the mucosal surface of the colon to PCMBS(1-10 min) produces an initial transient increase in Isc followed by a slower decline to
below pre-PCliBS values. If the colon is bathed by identical Na-Ringer's solutions, exposure
of the serosal surface of the tissue to PCIlBS (0.5-10 m1) reduces Isc to zero and abolishes
the amiloride-sensitive conductance of the epithelium. In contrast, in the presence of a Na
gradient (M:2mM, S:114mM) serosal PCMBS causes Isc to decline to zero and then to reverse in
sign. The "reversed" Isc is abolished by mucosal amiloride, suggesting that the current rep-
resents net Na flow from S to M through cells which are the normal route of active Na absorp-
tion. In some tissues the value of the amiloride-sensitive conductance in the presence of
PCMBS is 2 to 3 times that measured under control conditions. These results suggest that
PC;lBS may cause a transient increase in the lia-permeability of the apical membrane but the
ultimate effect of the reagent is to block Ha entry. At the basolateral membrane PCI4BS may
have two effects. The reagent appears to increase the cation permeability of the basolateral
membrane and may also inhibit active Na transport. Increases in amiloride-sensitive conduc-
tance induced by serosal PCtIBS suggest that the basolateral membrane constitutes a signifi-
cant fraction of the total resistance of the active transport path, and that PCI1BS may pro-
vide a method for functionally "removing" this barrier to transepithelial cation transport.
(Supported by NIH and The Iowa Heart Association)
M-PM-Pol4 ACTIVE CATION TRANSPORT BY THE TURTLE COLON IN THE PRESENCE OF AMPHOTERICIN B.
S. M. Sarracino* and D. C. Dawson (Intr. by C. C. Wunder) Dept. of Physiology & Biophysics,
University of Iowa, Iowa City, IA 52242.
Active Na transport by the turtle colon appears to involve two distinct steps: the entry of
Na into the epithelial cells through an amiloride-sensitive channel in the apical membrane
and the ouabain-inhibitable active extrusion of Na across the basolateral membrane. In an
attempt to evaluate the relative contributions of these two membranes to the transport prop-
erties of the colon we studied Na transport in tissues exposed to the polyene antibiotic
amphotericin B. Portions of isolated colon were bathed on the mucosal side by Na-Isethio-
nate Ringer's and on the serosal side by NaCl-Ringer's. The short circuit current (Isc) was
reduced to near zero by amiloride and then amphotericin B (10-6-10-5M) was added to the mu-
cosal bathing solution. Isc increased promptly following addition of the polyene and the
steady-state Isc in the presence of amphotericin was equal to the net flow of Nafrommucosa
to serosa. Both Isc and net Na absorption were abolished by ouabain. The magnitude of the
amphotericin-induced ISC averaged about 4OiAmp/cm2 and was virtually independent of thepre-
amiloride value of Isc (13-102pAmp/cm2). Similarly, the amphotericin-induced increase in tis-
sue conductance was not correlated with the previously measured amiloride-sensitive conductance
of the epithelium. In paired experiments the amphotericin-induced Isc was similar in tis-
sues bathed by Na-Ringer's and in others in which mucosal Na was completely replaced by Li.
The amphotericin-induced Isc in the presence of mucosal Li was abolished by ouabain. These
results suggest that amphotericin B can form cation-permeable channels in the apical mem-
brane of the turtle colon, and that ouabain-sensitive active cation extrusion from the epi-
thelial cells is qualitatively unaffected by this modification. (NIH and Iowa Heart Assoc.)
M-PM-Pol5 INHIBITION OF CHLORIDE TRANSPORT IN RAT INTESTINAL BRUSH BORDER MEMBRANES.
C.M. Liedtke, Department of Anatomy and Developmental Biology Center, Case Western Reserve
University, Cleveland, Ohio, 44106.
CIn+the intestinal microvillus membrane, a putative chloqidt transporting system catalyzes
C1 -H symport (Cl -OH exchange) in conjunction with a Na -H antiporter to achieve electro-
neutral NaCl absorption. The rate of Cl transport into isolated rat intestinal brush border
membrane vesicles was examined in the presence of the diuretics, furosemide and probenecid,
and the stilbene SITS (4-acetamido-4'--isothiocyanostilbene-2,2'-disulfonate). Transport
rates were determined by a pH relaxation method (C.M. Liedtke and U. Hopfer, Biochem. Biophys
Res. Comm., 76:579, 1977) and expressed relative to the rate of Cl transport in the absence
of inhibitors. When inhibitors were added just prior to NaCl uptake, the relative rates of
Cl transport were .35 with probenecid (6.7 nmol/mg protein), .38 with furosemide (4.5 nmol/
mg+prgtein), and .79 with SITS (90 nmol/mg protein). The initial medium acidification due to
Na /H exchange was the same after NaCl addition with or without inhibitors. Both probenecid
and furosemide displayed a concentration-dependent inhibition of Cl transport. Cl uptake
was also inhibited if membranes were preincubated with SITS (25°C, 4-25 min.) and any free
SITS removed. The amount of SITS to give 50% inhibition was about 70 nmol/mg protein. Since
these diuretics and SITS inhibit Cl transport in erythrocytes and the diluting segment of
the kidney, I conclude that the ivtestinal brush border membrane contains a similar specific
Cl carrier responsible for Cl -H symport.
Supported by the Cystic Fibrosis Foundation.
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M-PM-Pol6 CYTOPLASMIC STANDING GRADIENTS COULD LINK EPITHELIAL Jv TO SOLIJTE TRANSPORT.
S.D. Klyce and S.R. Russell*, Stanford University School of Medicine, Stanford, CA 94305.
Theories dealing with the problem of coupling between epithelial active ion transport
and fluid flow assume that transcytoplasmic water and solute chemical potential gradients
(Mjw/ax3t and aj /axat) are of trivial importance. A model based on nonequilibrium thermo-
dynamics was derived for cornea as 2 thin membranes bounding a polyelectrolyte gel (a
scaled-up analog to a hypothetical epithelium). The set of coupled solute/solvent flow
equations was extended to solve a one dimensional multiple series membrane, moving boundary
problem at open circuit and in the unsteady state with a finite element technique, permit-
ting evaluation of the nonlinear stromal k and j profiles. Corneal limiting membrane
coefficients and solute pump rates were determineS with the model by time sequence fit to
stromal thickness changes during osmotic perturbation experiments. The model's usefulness
was confirmed when corneal hydration dynamics could be successfully predicted for a variety
of experiments. When the model is scaled down to the dimensions of a hypothetical 5-50 pm
thick monolayer epithelium (2 membranes bounding a colloid with the polyelectrolyte proper-
ties of stroma), transcytoplasmic profiles of w and js can be calculated, providing a
auantitative method to deal with steady and unsteady state fluid transport across the cyto-
plasm from apical to basal membranes. Calculations for the hypothetical epithelium showed
that small but nontrivial transcytoplasmic gradients in both iw and ps in combination with
asymmetries in bounding membrane passive and active properties can yield solute pump-linked
fluid transport and regulation of cell volume without consideration of paracellular path-
way effects. The studies suggest a reconsideration of the colloidal properties of tissue
components in fluid transport theory. Supported by EY 00915.
M-PM-Pol7EFFECT OF DIET ON THE AGREEMENT BETWEEN K FLUXES AND SHORT CIRCUIT CURRENT IN IN-
SECT MIDGUT. J.T. Blankemeyer and R.L. Duncan*, Dept. of Physiological Sciences, Oklahoma
State University, Stillwater, OK 74074.
The larval midgut of Lepidoptera actively transports K from the hemolymph-side of the
tissue to the lumen when chamber mounted. Wood (1972, Ph.D. Thesis, Cambridge University)
demonstrated that there was 99% agreement in A. pernyii. However the discovery of Mg and Ca
active transport (Wood and Harvey, 1976, Harvey et al 1975) and the recent demonstration
that the K efflux increased when the K pump ceased (Blankemeyer, 1978, Biophys. J. 23. 313)
suggested that a reexamination of the agreement was needed. Using midguts from leaf-reared
H. cecropia, we found that the K influx- K efflux accounted for 101% of the ISC. However
when Cecropia were reared on artificial diet, the agreement was poorer, K fluxes account-
ing for 0.76% of ISC. When midguts from the tobacco hornworm, M. sexta, were used in agree-
ment studies, the agreement for the leaf-reared hornworm was 104% and for the diet-reared
hornworm 0.71%. Since the bathing solution used contained low concentrations of Mg and Ca
and there is no net Cl transport, the source of the disagreement in diet-reared insects is
not obvious although the 5 pH difference between hemolymph and midgut contents suggests pro-
ton/bicarbonate active transport. The difference in agreement between diet and leaf reared
insects and the previously demonstrated difference in transport pool size (Blankemeyer, 1976,
Ph.D. Thesis) suggests that conclusions about K active transport based on results from diet-
reared insects may be misleading.(Supported by NIH AM21890)
M-PM-Pol8 THE INFLUENCE OF DIVALENT CATIONS UPON MEMBRANE PERMEABILITIES IN THE FROG LENS.
N.A. Delamere* and C.A. Paterson* (Intr. by M.L. Morse), University of Colorado Medical
Center, Denver, CO 80262
we have shown previously (Delamere & Paterson, J. Gen. Physiol. 71:581, 1978) that expos-
ure of the frog lens to Ca-free Ringer's solution resulted in a rapid 37 mV depolarization
of membrane potential, together with a decrease of membrane resistance and an increase in
the rate of 86Rb efflux from the lens. These findings were explained on the basis of an
increased permeability of lens membranes to Na but not to K in the absence of Ca. We have
now investigated the effects of Mg and Ba on the frog lens; glass microelectrodes were used
to measure lens membrane potential, resistance was measured from the voltage response to a
current pulse, and K permeability was evaluated from the rate of 86Rb efflux. The results
of these studies showed that either 20 mM Mg or 2 mM Ba largely prevent the changes of lens
potential, resistance and 86Rb efflux rate observed when Ca was removed from the solution.
When these concentrations of Mg or Ba were added to lenses which had been previously depol-
arized in Ca-free Ringer's for more than one hour, the lenses repolarized and the lens
resistance increased within 5 min. The results suggest that Mg and Ba can substitute, to
some extent, for Ca in maintaining the permeability of lens membranes. The rapidity of the
effects of Mg and Ba on lenses bathed previously in Ca-free Ringer's suggests that these
ions act at the surface of the lens. The addition of 2 mM Ba to Ringer's containing Ca re-
sulted in a small depolarization and an increase in resistance associated with a reduction
in the rate of 86Rb efflux. Thus, it can also be inferred that Ba, in the presence of Ca,
causes a decrease in the permeability of lens membranes to K. This work was supported by
U.S. Public Health Service research grant EY-00506 from the National Eye Institute.
96a Biophysical Journal vol. 25, 1979
M-PM-Pol9 SUGAR TRANSPORT ACROSS INTESTINAL BASOLATERAL MEMBRANE VESICLES. Ernest M. Wright
Carel H. van Os*, and Austin K. Mircheff*, UCLA, Los Angeles, CA 90024.
A high yield of pure membrane vesicles were prepared from the basolateral surface of rat
intestinal cells using a N2 cavitation bomb and density gradient centrifugation. The mem-
branes were enriched 10-15 fold and were free of significant contamination by brush border
membranes and mitochondria. The rate of 14C-D-glucose and 3H-L-glucose uptake into the
vesicles was measured using a rapid filtration technique. D-glucose equilibrated within the
vesicles 25 times faster than L-glucose. The stereospecific uptake exhibited saturation
kinetics with a Km of 44mM and a Vmax of 110 n-moles,mgdl,min-1 at 100C. The activation
energy for the process was 14 kcals,mole-1 below 150C and it approached 3 kcals,mole-1 above
220C. Carrier mediated uptake was eliminated in the presence of 1mM HgC12 and 0.5mM phlore-
tin, and 0.1mM phlorrhizin and 10pM Cytochalasin B produced significant inhibition. The
rate of transport was unaffected by the absence or presence of sodium concentration gra-
dients. Competition studies demonstrated that all sugars with the D-glucose pyranose ring
chair conformation shared the transport system, and that, with the possible exception of
the -OH group at carbon #1, there were no specific requirements for an equatorial -OH group
at any position in the pyranose ring. In the case of a-methyl-D-glucoside its inability to
share the D-glucose transport system may be due to steric hindrance posed by the OCH3 group
rather than by a specific requirement for a free hydroxyl group at this position in the
ring. It is concluded that sugars are transported across the basolateral membrane of the
intestinal epithelium by a facilitated diffusion system reminiscent of that in human red
blood cells. Supported by USPHS grants AM 19567 and NS 09666.
M-PM-Po2o METABOLIC DEPENDENCE OF THE OFFSET OF ANTIDIURETIC HORMONE INDUCED
OSMOTIC FLVW OF WATER ACROSS THE TOAD URINARY BLADDER. B. R. Masters and
D. D. Fanestil, Department of Medicine, University of California, San Diego, La Jolla, CA. 92093
The elevated osmotic permeability to water induced by antidiuretic hormone (ADH) in the isolated
urinary bladder of the toad is rapidly reversed by removal or washout of the ADH. This return to
normal water permeability is delayed by the suppression of the production of metabolic energy by any
of three maneuvers: (a) low temperature ( 2 C.); (b) inhibition of oxidative phosphorylation ( 10 mM
azide or 0.5 mM 2,4-dinitrophenol, or (c) inhibition of glycolysis (10 mM iodoacetate or 10 mM
2-deoxyglucose). Exposure to cytochalasin B (10 ug/mI) after initiation of the hormonal effect also
delays the return of water permeability to normal following removal of ADH. These observations
are more consistent with the protein (pore) theory of ADH induced water flow and place limitations
on the mechanisms by which proteins in such pores can return to the resting or impermeable state.
Our findings do not enable differentiation of an energy utilizing cytochalcsin B-sensitive redistribut-
ion or dispersion of particles within the plane of the membrane, analogous to the aggregation or
"caps" of antigen-antibody complexes in lymphocytes, from an energy dependent, cytochalasin B-
sensitive endocytosis or internalization of aggregrates of intramembranous particles, analogous
to the endocytosis or membrane internalization in lymphocytes.
This work was supported by grants NSF PCM 75-19504 and NIH AM 14915
M-PM-Po21 A NON-INVASIVE TIME SHARING SPECTROFLUOROMETER STUDY OF CORNEAL
METABOLISM: EFFECT OF METABOLIC INHIBITORS ON RABBIT ENDOTHELIUM AND EPITHELIUM
R. A. Laing and B.R. Masters, Department of Ophthalmology, Ophthalmic Biomedical Engineering
Section, Boston University School of Medicine, Boston, Massachusetts 02118
A non-invasive corneal spectrofluorometer is described and applied to the metabolic study of the
in-vitro cornea. The instrument consists of a time-sharing spectrofluorometer with a photon-counting
detection system, and a specular microscope which permits the intrinsic cellular fluorescence to be
measured at various depths in the cornea, the corneal thickness to be continuously measured and the
endothelial cellular morphology to be observed and photographed. Our aim is to use the non-invasive
method to correlate corneal physiology as evidenced by changes in corneal thickness and transparency
with corneal metabolism. This is accomplished by monitoring the fluorescence intensities (and thereby
the concentrations) of both the oxidized flavoproteins and the reduced pyridine nucleotides as a function
of time throughout the cornea. Specific chemical inhibitors were used to perturb the cornea at discrete
sites in the metabolic pathways. The corneal spectrofluorometer is used to monitor these metabolic
changes and to follow their time evolution. Amobarbital and Pentobarbital were applied to either side
of the cornea at 8 mM concentration. These Site I respiratory inhibitors which block electron flow in
mitochondria caused a 70% increase in the reduced pyridine nucleotide fluorescence intensity and led
to corneal swelling. Perfusion of the cornea with 5 mM of 2-Deoxyglucose, an inhibitor of glycolysis,
caused a similar increase in the reduced pyridine nucleotide fluorescence intensity. The corneal
spectrofluorometer is also a means to non-invasively monitor drug penetration in the cornea. This work
is supported the National Institutes of Health under Grant NIH-NEI-IRO1 EY01990-02
EPITHELIAL TRANSPORT
EPITHELIAL TRANSPORT Biophysical Journal vol. 25, 1979 97a
M-PM-Po2 CATION SELECTIVITY OF THE NA-ENTRY SITE IN BULLFROG SKIN EPITHELIUM. D.J. Benos.
L.J. Mandel and S,.A Simon! Departments of Physiology, Duke University Medical Center,
Durham, N.C. 27710, and Harvard Medical School, Boston, Ma., 02115.
A striking property of the Na-entry mechanism in frog skin epithelia is its apparent
high degree of selectivity as reflected in its permeability to Na and Li and its seemingly
impermeability to K. We have investigated the Group I cation selectivity of the Na-entry
site located in the apical membrane of the bullfrog (Rana catesbeiana) skin epithelium.
The cation selectivity was assessed in two ways: 1) comparing the short-circuit current(ISC) measured when all of the external sodium was replaced by another cation; and 2)
comparina the I observed at different [Na]o, using different replacement cations to
maintain ionic s rength. The results of these experiments suggest that there are at least
two energy barriers (or, e(quivalently, a well and a barrier) in series that an ion must
overcome in order to be transported across the apical membrane. The ionic selectivity of
the first barrier (or well), determined from the partial replacement experiments, was
Na > K > Rb > Cs. This order suggests that this process is comprised of a site or sites
with a high electric field strength. In addition the relative positions of Tl and NH4 in
this sequence imply that this reoion possesses tetrahedryl symmetry and may contain amide
carbonyls or other carboxylate groups. The second barrier results in an even higher
selectivity than the first in that K, Rb, and Cs cannot enter the cells.
Supported by N.I.H. Grants AM-05624 and AM-16024.
M-PM-Po23 A LOW HLB SURFACTANT (NP-EO6) DIFFERENTLY MODIFIES WATER, SODIUM, UREA
AND NICOTINAMIDE PERMEATION IN FROG URINARY BLADDER. J. Bourguet, M. Parisi and P.
Ripoche, C.E.A. SACLAY, Dept. Biologie, B.P. N° 2, Gif-sur-Yvette, France.
A polyoxyethylene nonyl phenol (six oxyethylenes) non ionic surfactant (NP-EO6) was added to
the solution bathing the mucosal border of frog urinary bladder. This detergent is thought to penetrate
poorly into the cells. The bladder was exposed during 3 to 5 minutes to a NP-EO6 concentration of 0.02
to 0.05 %. It was observed that : 1) In non stimulated bladders the short-circuit current and
transepithelial potential were strongly and reversibly depressed by NP-EO6. In this condition water
permeability was almost non affected while urea and nicotinamide permeabilities were strongly
increased. 2) In bladders stimulated by antidiuretic hormone (ADH) the increases induced by this agent
in short circuit current and water permeability were reversible inhibited by NP-EO6 treatment while
nicotinamide permeability increased sharply. After hormonal treatment, the NP-EO6 pulse first
decreased and then increased urea translocation. These results show that NP-EO6 rends non operative
the sodium channel, either in non stimulated preparations or after ADH treatment. The ADH-induced
water channel is also blocked by NP-EO6 but this pathway must be almost inexistant in non stimulated
preparations. The increase in nicotinamide permeability either in non stimulated preparation or after
ADH treatment probably indicates an effect at the level of the lipid bilayer, the accepted pathway for
this lipophilic molecule. Finally, the blocking effect on the ADH induced increase in urea permeability
is probably partially masked by a non specific permeability increase. The fact that NP-EO6 affects the
water, sodium, urea and nicotinamide permeations in different ways suggests the existence of different
mechanisms underlying the transfer of these molecules.
M-PM-Po24 ASYMMETRY IN THE OSMOTIC RESPONSE OF THE FROG GASTRIC MUCOSA. Leopoldo Villegas
Centro de Bioflsica y Bioqulmica, Instituto Venezolano de Investigaciones Cientificas, IVIC,
Apartado 1827, Caracas 101, Venezuela.
It has been suggested that solutions have osmotic effect only at the cell surfaces facing
the lumen and the basal membrane and not at those facing the restricted extracellular com-
partments (Am.J.Physiol., 228:738, 1975). The osmotic water conductivity was explored by
changing the concentration of the-solutions at both surfaces of the mucosa in vitro, in order
to induce changes in the tissue water distribution (Am.J.Physiol., 220:1282, 1971). The
table presents the mean osmotically induced water flux (±SE, n=10) as a function of the
tonicity of the solutions:
Serosal Solution Mucosal Solution Osmotic flux
mOsm/Kg water 10- 2p1/cm2h mOsm
76 219 11.2 ± 1.4
109 219 9.7 ± 1.1
216 440 5.7 ± 0.8
424 640 2.1 ± 0.7
Increments in the tonicity of the solutions reduce the apparent osmotic water conductivity.
Changes in the solutions concentrations produce changes in the extracellular compartments
which seem to be responsible for the asymmetry in the osmotic water conductivity. The pro-
posed concentration gradients developed in the intercellular spaces at the serosal surface
and in the pits at the mucosal surface may be reduced as these spaces are dilated. Reduction
in concentration gradients affect both the spontaneous net water flux (Am.J.Physiol., 228:
738, 1975) and the asymmetric osmotic flux, as reported here.
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M-PM-Po25 NON-INVASIVE MICROFLUOROMETRIC AND SPECTROPHOTOMETRIC OBSERVATIONS OF AEROBIC
METABOLISM IN FUNCTIONALLY INTACT RENAL PREPARATIONS. R.S. Balaban* and L.J. Mandel Dept.
of Physiology, Duke Univ., Durham, N.C. 27710
Using non-invasive microfluorometric and spectrophotometric techniques, we have been
successful in monitoring the redox state of the mitochondrial respiratory enzymes (RSME),
specifically NADH and the cytochromes, simultaneously with active transport in various
functionally intact renal preparations. The purpose of these studies are to investigate the
coupling of aerobic metabolism to active transport and the basic metabolic patterns within
this ion transporting epithelium. This technique has allowed us to study: 1) The effect of
increased active ion transport on the RSNE, 2) The effect of specific metabolic substrates
on RSME and active transport, 3) From 1 and 2 we are able to dissociate a metabolic stimu-
lation of ion transport from a direct stimulation of active transport (e.g., co-transport)
elicited by many metabolic substrates, 4) Oxygen delivery to various in vivo and in vitro
renal preparations 5) Quantitative analysis of substrate flows from different metabolic
pathways in the cell and their specific relationship to active transport, 6) Biochemical
analysis of the ATP/ADP-Pi ratio and various other metabolic intermediates to investigate
the cytoplasmic coupling of mitochondrial energy output to active ion transport. The prep-
arations used include the in vivo rat kidney, isolated perfused frog and rat kidneys,
disaggregated cortical tubules from the rabbit, and the isolated perfused proximal tubule,
also from the rabbit. The reasons for utilizing each of these preparations will be re-
viewed; basically, each preparation displayed a unique experimental advantage in studying
some of the problems listed above. (Supported by grants from the N.C. Heart Association
1978-79-A-10 and N.I.H. GM-00929).
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M-PM-po26A POSSIBLE MECHANISM FOR NA+ CURRENT RECTIFICATION IN FROG SKIN. E. Jakobsson
and S. Helman, Dept. of Physiology and Biophysics, University of Illinois, Urbana, Ill.
61801.
Steady-state Na+ current is strongly rectified about zero millivolts by the apical
membrane of frog skin, so that the current is essentially ohmic for voltaae gradients
applied in one direction and zero for voltaae aradients applied in the other direction.
We have found that just such rectification is exhibited by the Nernst-Planck equation if
the electric field within the membrane is modified by a polarizable dipole near one of
the membrane faces. However, for assumed dipole confiaurations which aive the degree of
rectification experimentally observed, the Na+ concentrations calculated by the Nernst-
Planck equation for diffusion through a continuum become unphysically large at some
positions within the membrane. Currently, we are applying the polarizable dipole to
transport equations describing carrier-mediated step-wise single file movement of Na+,
with the goal of ascertaining whether these equations might exhibit the observed
rectification without the anomolous local concentrations. (Supported in part by
USPHS AM 16663.)
M-PM-Po27 ION REQUIREMENTS FOR BICARBONATE TRANSPORT IN BARNACLE MUSCLE FIBERS.
D.W. Keifer, Department of Physiology and Biophysics, Washington University School of
Medicine, St. Louis, Mo. 63110.
The ionic requirements for transmembrane HCO movements were studied in isolated muscle
fibers of the giant barnacle, by measuring the internal pH (pHi) with microelectrodes
during superfusion with various solutions, and in some cases during internal dialysis. +
After reduction of pHi to a reasonably steady level, reduction or removal of external Na
caused a prompt and rapid further fall in pH. which could be inhibited by 0.5 mM
4-acetamido-4'-isothiocyano-stilbene-2,2'-disulphonic acid (SITS). Also, increasing inter-
nal Na+ concentration at low pHi, through dialysis, caused a further fall in pH.. These
falls in pH. indicate that the net HCO- flux, which serves to regusate pH. (Boron, Am. J.
Physiol. 235:C61-C73 (1977)), can be iAhibited both by reducing Na outsiAe and by increasing
it inside. This suggests that 1) HCOD, coupled with Na+, is transported in both directions
through the membrane, and/or 2) the H 05 influx rate is determined by the Nat" electro-
chemical gradient.
Removal of external C1- caused an immediate fall in pHi, the rate being faster at lower
external pHi. The fall was not affected by SITS, and was accompanied by a depolarization
of 10 to 15 mV. Yet, even total depolarization had little effect on pHi, indicating that
the effect of C1 removal on pHi, and thus on HCOO flux, was not due to membrane
depolarization. The implications of these findings will be discussed.
Supported by NIH grant HL-00082 to A. Roos.
M-PM-Po28 TEMPERATURE DEPENDENT CALCIUM FLUXES IN MAMMARY GLANDS FROM LACTATING AND PREGNANT
MICE. M.C. Neville, N. Peaker* and C. Lobitz. Univ. of Colorado Medical Center, Denver,
Colo. 80262 and ARC Institute for Animal iology, Babraham, Cambridge, England.
The influx and efflux of 45calcium was studied in vitro in diced mammary glands from 15-18
day pregnant mice and 10-14 day lactating mice. Influx and efflux curves could be resolved
into 3 complementary components A,B&C with rate constants at 370C of about 0.3, 0.05 and
0.005 min- ,respectively. The rate constant of component B,only, showed significant tempera-
ture dependence. That this component represents transfer across membrane barriers is sug-
gested by measurements of 45Ca trapped within membrane vesicles isolated from diced tissue
previously incubated with the INCUBATION 45CALCIUM CONTENTisotope (Table): the amount of CONDITION tissue 8000 g pellet 100,000 g pellet45Ca trapped in the 100 Kg frac- pimoles/g iimol/g protein iumol/g proteintion showed a strong dependence
on temperature. In lactating 370C 4.8 + 0.8 5.5 + 0.6 2.6 + 0.1
glands incubated with 2 mM Ca, 37°C+azide 4.8 + 0.8 2.8 + 0.1 3.6 + 0.2
component B contained 1-2 imoles 0°C 2.8 + 0.4 2.0 + 0.1 0.7 + 0.1
Ca/g tissue. TheO0Ceffluxrate
constant of this component was Membrane fractions isolated by homogenization & differential
less than 0.003 min-T. In preg- centrifugation at 0°C. Electron microscopy showed the 8 K
nant glands, component B con- pellet contained mitochondria & other vesicles, the 100
tamned 0.3 pmoles Ca/g tissue. pellet contained various membrane bound vesicles.
At 0°C it had a rate constant of about 0.02 min-1. The differences between calcium fluxes
in pregnant and lactating tissues suggest that the nature of the rate limiting barrier to
calcium transport changes during lactogenesis. (Supported by NIH CA 19389)
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M-PM-Po29 INITIAL RATES OF OXYGEN UPTAKE BY THE RED CELL: A COMPUTER MODEL. M. Weingarden,
H. Mizukami S. Rice, Wayne State University, Detroit, Michigan 48202.
A computer model has been developed to determine the effects of a stagnant layer (pro-
posed by Gad-el-Hak et al., Biophys. J. 18:289, 1977) and membrane upon the rate of oxygen
uptake by the red cell. A Laplace transform is employed to obtain an exact solution to the
defining differential equations under specific initial conditions, and boundary conditions,
for the initial times (less than 10% oxyhemoglobin formation) in which the effects of the
resistive layers are most pronounced. Numerical techniques were introduced to invert the
transformed function. The results indicate that the membrane resistance to oxygen uptake
is significant for an oxygen diffusion coefficient of 1.2 x 10-7 cm2/sec or less. The solu-
bility of oxygen in the membrane is shown to be a significant factor in modifying the
resistivity of the membrane to the oxygen transport. The model also provides evidence that
the extent of reaction between oxygen and hemoglobin is not entirely limited by the rate of
diffusion of oxygen through a stagnant water layer 1.4-4.0 microns thick.
(Partially supported by NIH Grant HL 16008 and WSU Graduate Fellowship)
M-PM-Po3O INHIBITION OF ANION EXCHANGE IN HUMAN RED CELLS BY PREINCUBATION WITH PHOSPHOLIPID
VESICLES. O.Fr8hlich and R.B.Gunn, Pharm. & Physiol. Sci., Univ. Chicago, Chicago IL 60637.
Chloride self exchange fluxes in human erythrocytes were inhibited up to 50% if the cells
were preincubated for 30-60 min at 370C in the presence of dimyristoyl lecithin vesicles.
During this preincubation the cells gradually changed their shape from biconcave discs to
echinocytes, spiculed spheres and finally to smooth spheres. At longer2j imes of incubation
the cells lysed. Inhibition of chloride transport was observed with Ca or EDTA (both
0.5 mM) in the preincubation medium. No major change in the membrane protein composition
of the cells during incubation was found by SDS gel electrophoresis. Inhibition was
independent of membrane cholesterol content since cells which were depleted of more than
40% of their cholesterol content by a modified plasma incubation technique showed no in-
hibition but a slight activation of chloride fluxes. Lysolecithin (egg) which caused the
same cell shape changes as observed with dimyristoyl lecithin vesicles inhibited chloride
transport to only 15%. Dipalmitoyl lecithin vesicles had no effect at 370C, and egg lecithin
vesicles inhibited2chloride fluxes only after longer periods of incubation, especially in
the presence of Ca +.(Supported in part by USPHS grant HL20725 and by the Deutsche For-
schungsgemeinschaft).
M-PM-Po31 AN NMR METHOD TO DETERMINE THE PERMEABILITY COEFFICIENT OF CARBONYL-CONTAINING
COMPOUNDS IN RED BLOOD CELL MEMBRANES. James A. Dix and A. K. Solomon, Biophysical
Laboratory, Harvard Medical School, Boston, MA 02115
The 68 MHZ 13C nmr spectrum of n-valeramide in red blood cell suspensions consists of
two carbonyl carbon lines, one corresponding to intracellular amide and one corresponding
to extracellular amide. The chemical shift difference between the two lines depends on
the composition of the red cell suspension medium: for 10% plasma and 90% isotonic saline
the difference is 17 Hz, while for 100% plasma the difference is less than 7 Hz, at S°C.
As the temperature is raised from 5°C to 35°C, the two lines coalesce. We ascribe the
coalescence to an increase in the intracellular-extracellular exchange rate. We have fit,
by means of non-linear least-squares analysis, the experimental line shape to the stochastic
two-site nmr exchange equations in order to obtain the exchange rate. The permeability
coefficient of valeramide at 25°C, calculated from the exchange rate, is 4 ± 2 x 104 cm2!
sec. This result agrees with permeability coefficients of 6.6 ± .5 x 10-4 cm2/sec (Sha'afi,
Gary-Bobo and Solomon, J. Gen. Physiol. 58:238, 1971) and 5.9 ± 2.5 x 10-4 cm2/sec (Galey,
Owen and Solomon, J. Gen. Physiol. 61:272, 1973) determined using a stopped flow apparatus.
Preliminary experiments reveal a lower temperature dependence of the permeability coefficient
than that determined by the stopped flow technique. The nmr method appears to be applicable
to a variety of carbonyl-containing compounds.
(Supported in part by NIH Grant 5 F32 GM 06265 and USPHS Grant 2 RO1 GM 15692).
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M-PM-Po32 EFFECT OF AMILORIDE ON Na FLUXES IN FROG SARTORIUS MUSCLE. J.L. Rabovsky, and
R.D. Moore. Dept. of Physiology and Biophysics, Univ. of Illinois, Urbana, IL. 61801 and
the Biophysics Laboratory, S.U.N.Y. at Plattsburgh, Plattsburgh, N.Y. 12901.
The effects of the diuretic, amiloride, on the influx and efflux of 22Na in Na enriched
frog sartorius muscle was examined. Amiloride (5x10-4M) inhibited the 22Na influx into
frog sartorius by 28%. In the presence of 10-3M ouabain, amiloride inhibited the rate
coefficient for 2Na efflux by 43% or (l.2±0.2xl103min1l). This inhibitory action of
amiloride on 22Na efflux was only observed in the presence of ouabain presumably because
of the high rate coefficient for Na efflux (%l0.3xl103min_1) occurring in the absence of
ouabain. In Ringer that contained ouabain, the Na concentration of muscles treated with
amiloride did not differ from that of untreated muscles. Replacement of external Na (by
choline or Mg) did not significantly diminish the magnitude of the amiloride inhibition
of Na efflux. The Na influx data are consistent with the observation in red cells (Aceves
and Cereijido, J. Physiol. 229:709, 1973) and epithelial tissues (Benos and Mandel, Science
199:1205, 1978) that amiloride inhibits the movement of Na into cells. The Na efflux data
indicate that amiloride partially inhibits the component of Na efflux that remains after
the application of ouabain and removal of external Na. The mechanism of amiloride action
on Na efflux is unclear; however, it is unlikely that the action of amiloride results from
the inhibition of a passive efflux of Na since the expected passive component of Na efflux
is more than 40 times smaller than the magnitude of the Na efflux inhibited by amiloride.
Supported by a grant from the Northeast Section of the New York Heart Association.
M-PM-Po33 EXCHANGE OF BICARBONATE FOR MONOVALENT ANIONS ACROSS THE HUMAN ERYTHROCYTE ME1BRANE
A.L. Obaid* T. Leininger, and E.D. Crandall. University of Pennsylvania, Phila., PA 19104.
A stopped-flow pl1 electrode rapid reaction apparatus was used for measuring changes in
extracellular pH (pHo) of red cell suspensions under conditions where dpH/dt was determined
by the rate of HC03/X- exchange across the membrane (X- = Cl-, Br-, F or NO-). The red
cells were thrice washed and equilibrated at '5% hematocrit with 146.5 mM Na, 3.5 mM K+,
150 mM X-, and then resuspended to 20% hematocrit in the same solution. Bovine carbonic an-
hydrase (800 U/ml) and NaHCO3 (5 nmM) were added to the cell suspension and its pH adjusted to
7.7 with NaOH (A). Solution B was 112.5 mM NaX, 15 mdl Na2HP04, 15 mrM KH2PO4 (pH 6.7). Ex-
periments were performed by mixing equal volumes of A and B in the rapid reaction apparatus
while recording the time course of pH equilibration in the mixture. The rate of HCOj/X ex-
change at 37'C decreased for X- in the order: C1- > Br- > F- > NO-, with rate constants in
the ratios 1:0.95:0.78:0.52. This sequence is the same as that found by others for Cl /Cl
exchange in the presence of X-, and for X-/X- exchange. Arrhenius plots of the rate constant
for HCO-/X- exchange between 5 and 37'C revealed activation energies of 12 kcal/mole above,
and 21 ical/mole below, the transition temperatures. The transition temperatures are 170 -
18'C for Cl-, F- and NO3, but 24°C for Br-. The turnover number for each exchange at its
transition temperature is different. These findings suggest that: 1) HCO3/X- exchange for
all X- studied seems to take place via the usual anion exchange pathway; 2) since the acti-
vation energies for HCO0/X- exchange are independent of X-, they reflect a property of the
transport system alone; and 3) the different transition temperatures are not directly related
to a critical turnover number, but may be dependent upon the influence of X on protein-
lipid interactions in the cell membrane. (This work was supported in part by NIH Program
Project Grant HL 19737 and AHA 75-992.)
M-PM-Po34 BROMOSULFOPHTHALEIN EFFECTS ON S37 CELLS. R. H. Matthews, A. Ottolenhi , and
N. J. Lewis*, Ohio State University, Columbus, Ohio 43210.
Our previous studies suggested possible involvement of the y-glutamyl cycle in support
of amino acid transport in the S37 ascites tumor cell. Another laboratory reported that
bromosulfophthalein, BSP, was a specific inhibitor of y-glutamyl transpeptidase, a key
enzyme in the cycle. We therefore examined the effects of BSP on S37 cells and also on red
blood cells. Preincubation of S37 cells with 1 mM BSP caused a marked inhibition of activity
of amino acid transport systems A and L. Retention of labeled amino acids was inhibited at
0.5 mM BSP and nearly abolished at 1 mM BSP. Similarly, endogenous amino acids, as
determined by ninhydrin, were released by 1 mM BSP. A series of more general tests for cel-
lular integrity and function were, however, also affected. Vital staining of S37 cells
increased in the presence of 0.5 and 1.0 mM BSP, and there was also an increase in sulfate
space of cell pellets. S37 cells treated with BSP failed to grow ascites tumor. 0.5 mM
BSP increased the release of 51Cr. Turning to human red cells, there was appreciable
hemolysis caused by 1 mM BSP. It appears that any specific effect upon y-glutamyl
transpeptidase has been obscured in S37 cells and red blood cells by a nonspecific detergency
effect upon the plasma membrane. (Supported by NIH grant CA17925).
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M-PM-Po35 CLOSURE OF WATER CHANNELS IN THE RED CELL
R. Macey, D. Chien*, T. Moura*, and 0. Karan*, University of California, Berkeley, CA 94720.
The mechanism of water channel closure in human red cells by PCMBS was studied by
measuring the ratio of osmotic to diffusional water permeabilities as a function of PCMBS
concentrations. After correcting for the background water permeability through the lipid
bilayer, we find this ratio remains invariant while permeability inhibition ranged from
O to 80%. This implies that channel closure is "all-or-none", and suggests the following
simple two-state model:
PCMBS + R(open) - PCMBSR(closed)
where R represents a receptor coupled to an open channel, and PCMBSR denotes the complexed
receptor coupled to a closed channel. Dose-response measurements are consistent with the
model and yield a dissociation constant of 0.02 mM for the reaction. Temperature studies of
the model show that channel closure is entropy driven, with a AH' = +20 kcal/mol and
ASO = +100 e.u. This huge entropy change is highly suggestive of salt linkages or hydro-
phobic interactions which arise from the disarray of water structure and which comonly
occur during macromolecular aggregation. Thus channel closure appears to be accompanied by
the expulsion of ordered water from the membrane. This interpretation is supported by our
finding that replacement of H20 with the more highly structured D20 inhibits channel
closure by PCMBS.
Supported by NIH Grant #18819
M-PM-Po36KINETICS OF ELECTROLYTE TRANSPORT IN THE H[GGINS ERYTHROBLASTIC LEUKEMIC CELL.
H.G. Hempling and S. Tho son Med. Univ. of S. Carolina, Charleston, S.C. 29403.
The Huggins erythroblastic leukemic cell isolated from the livers of 2 week old rat pups
previously injected with cell suspensions has been used as a model of the immature erythro-
poietic cell. Cell water, K+, Na+, and Cl- have been measured in the seady-state and
after transition from low temperatures and the kinetics of NaZ2 and CP50 transport have
been measured in the steady-state and after exposure to ouabain, furosemide, dihydro DIDS,
phloretin, sulfate, and nitrate, with the following results: 1. Net movements of K+ and
Na+ are not coupled 2. Net gains or loss of solute may occur without a concomitant gain
or loss in osmotically active water and net gains or losses of osmotically active water
may occur without concomitant gain or loss in solute. 3. Not all Na+ in the cell is ex-
changeable at 250C, but can be made exchangeable by incubation at 4°C. The Na+ content
exchangeable at 40C was a function of the external Na+ 4. Steady-state kinetics of Cl'6
and NaL2 show two compartments. From cell responses to inhibitors, a model of two cell
populations in parallel has been proposed, insensitive to ouabain, but inhibitable by
phloretin and furosemide. Cl-Cl exchange and Cl--S04 exchange are present and populations
differ in their contributions of each. Different populations may represent different stages
in the maturation of Cl- and Na+ transport in these cells.
M-PM-Po37 CHLORIDE EFFLUX IN SINGLE BARNACLE MUSCLE FIBERS. E. Edward Bittar, James Tesar*
and Ronald Schultz*, Department of Physiology, Univ. of Wisconsin, Madison, WI 53706
In the majority of fibers loaded by microinjection, the fractional rate constant for 36Cl
efflux is a constant and unaffected by injecting H20 ('v 0.3 pl in volume). The transverse
diffusion coefficient of Cl is 3.5*-0.82 (SD) x 10-6cm2*sec (n=20) at 24°C and the magnitude
of the absolute efflux is 91 pmoles/cm2.sec (uncorrected for s.a. of T-system). On the basis
of the latter value, a gCl of 336pmhos/cm2 is obtained. Total replacement of external Cl
with NO3 (a permeant) fails to reduce the Cl efflux. The same is not true when external Na
is replaced by Li. Acidification of the bathing medium (ASW containing lOmM-HC03) stimulates
the Cl efflux, the threshold pH being 7.0 and pC02(a measured value) of ca. 25 mmHg. A simi-
lar response is not seen if external HCO3 is replaced by HEPES. The response is readily
abolished by external application of SITS, DIDS and benzolamide before acidification. Radio-
immunoassay of total cAMP (and cGMP) content reveals no change following acidification. In-
jection of cAMP causes a prompt and transitory rise in the Cl efflux, the minimal effective
concentration being 10-5M (or a myoplasmic concentration of roughly 10-7M). The response is
dose-dependent. Preinjection of pure protein kinase inhibitor (from E. Fischer) reduces the
magnitude of the response to injected cAMP but not to acidification. This finding suggests
that stimulation by acidification does not involve activation of cAMP-protein kinase. Oua-
bain is without effect on the resting efflux as well as the response to acidification. This
is also the case with thiocyanate and phloretin. Although a sudden reduction in temperature
from 24°C to 0°C causes an 89.5% fall in efflux, the residual efflux is stimulated by acid-
ification. It would seem then that the Cl efflux is modulated by at least 2 distinct mech-
anisms: one that is responsive to acidification and presumably involves carbonic anhydrase.
The other responsive to cAMP involves the cAMP-protein kinase system.
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M-PM-Po38 THE RED CELL Na:K PUMP IS ELECTROGENIC. J.F. Hoffman, J.H. Kaplan and T.J.
Callahan, Department of Physiology, Yale University School of MIedicine, New Haven, Conn.
06510.
Red cell membrane potential, E, measured with the fluorescent dye, dis-C3(5), by a
previously described technique (J. Physiol. 239: 519-552, 1974) hyperpolarizes when the
Na:K pump is turned on by the addition of external K and depolarizes, once the Na:K pump
is operating, upon the addition of ouabain. No change in E occurs when ouabain is added
to cells suspended in K-free Na medium. The electrogenic pump is best seen in cells
treated such that internal Na is increased, S04 has replaced internal and external Cl,
and S04 permeability is inhibited by prior exposure to DIDS (4,4'-diisothiocyanostilbene-
2,2'-disulfonate). The size of the change in E associated with pump activity in human
red cells is about 3 to 6 mV, somewhat smaller in high K sheep red cells and considerably
larger in red cells from Amphiuma and duck. Using the change in E that is pump-dependent
and taking the current flow as one-third the ouabain-sensitive, external K-dependent Na
efflux, the estimate of the membrane resistance of S04 loaded human red cells treated
with DIDS is 1 x 106 ohm cm2. The membrane resistance calculated from the DIDS-
insensitive S04 flux is also about 1 x 106 ohm cm2. (Supported by USPHS grants HL-09906
and AM-17433.)
M-PM-Po39 ATP-DEPENDENT NaCl CO-TRANSPORT INTO THE SQUID GIANT AXON. John N. Russell, Uni-
versity of Texas Medical Branch, Galveston, Texas 77550.
Unidirectional fluxes of Cl and/or Na were measured using the technique of intracellular
dialysis. In the presence of intracellular ATP and a normal level of extracellular Na (425
mM) Cl influx was 18 pmoles/cm2 sec (p/cs). When all the external Na was replaced by Mg,
Cl influx fell to slightly less than 2 p/cs. Replacement of Na by Li or choline resulted in
a qualitatively similar effect. Removal of intracellular ATP in the presence of 425 mM Na
also decreased Cl influx by about 16 p/cs. When the intracellular Na was varied between 8
and 158 mM no effect on Cl influx was noted. Chloride efflux was independent of changes in
either internal or external Na concentration. Na influx in the presence of ouabain, TTX,
intracellular ATP and 555 mM external Cl was 18 p/cs. Replacement of external Cl by meth-
anesulfonate reduced Na influx to about 6 p/cs as did removal of ATP in the presence of 555
mM Cl. When the intracellular Cl concentration was raised from 0 mM to 150 mM both Cl and
Na influx decreased, by 14 and 11 p/cs, respectively. Application of 0.6 mM furosemide re-
versibly reduced both Cl and Na influx, by 11 and 8 p/cs, respectively. These data suggest
that inwardly directed, ATP-dependent Na-Cl co-transport process exists in the squid axo-
lemma. Supported by NIH grant No. NS-11946.
M-PM-Po40 CHANGES IN THIE KINETICS OF Ca TRANSPORT IN HUMAN ERYTHROCYTE MEMBRANE INSIDE OUT
VESICLES. J. D. Macintyre*(Intr. by M. Villereal), Pharm. and Physiol. Sci., Univ. Chicago,
Chicago, Ill. 60637
Inside out vesicles were prepared by a modification of the original technique of T.Steck
and J. Kant, (1974) Meth. Enzymol. Vol. XXXI, to give vesicles whose Ca transport activity;
is high, remains stable over three days of refrigerator storage and varies about 10%
between preparations. In the presence of 130 mM NaCl, 2 mM Mg2+, 0.5 mM ATP and 20 mM MES-
Tris or Tris-Cl buffer, at 370C the K½ for Ca uptake decreased from 24 iM at pH 6.3, to
12 pM at pH 7.1, to 45 pM at pH 7.6. With 300 pM Ca, Ca uptake gradually increased from
13 nmoles/mg protein/min at pH 6.0 to 18 nmoles/mg protein/ min at pH 6.9 where the flux was
maximal as a function of pH under these conditions. As the pl1 was further increased, the Ca
flux declined to 8 nmoles/mg protein/min at pH 8.0. At pH 7.1 in the presence of dialysed
hemolysate (final Hb concentration = 4.5 mg/ml), the K½ for Ca was 47 pM and the maximal
flux was 27 nmoles/mg vesicle protein/min at 75 pM Ca. As Ca concentrations were further
increased in the presence of hemolysate, the fluxes decreased, reaching 22 nmoles/mg
vesicle protein/min at 216 pM Ca.
(Supported in part by NIH # 1-F32 HL-5733 and HL 20725)
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M-PM-Po4l SODIUM AND POTASSIUM CONTENT AND TRANSMEMBRANE POTENTIAL OF RAT ALVEOLAR MACRO-
PHAGES. V. Castranova, L. Bowman*, and P. R. Miles. ALOSH, NIOSH, CDC, DHEW, and Dept. of
Physiology and Biophysics, West Virginia University Medical Center, Morgantown, WV 26505
Intracellular sodium and potassium concentrations, transmembrane potential, cell water
content, and cell volume were determined in rat alveolar macrophages. The alveolar macro-
phages were obtained from male Long-Evans hooded rats by lung lavage with a calcium free,
isotonic, HEPES-buffered solution (pH=7.4). The cells were separated from the extracellular
space by centrifugation through dibutyl phthalate. The characteristics of the cell pellet
(7 x 106 cells) were determined and corrected for trapped extracellular space measured with
3H-labeled inulin. The mean cell volume of the alveolar macrophages, which was measured with
an electronic cell sizing unit, is 1525 (±55)U3. Data from wet weight-dry weight ratios
indicate that 72(±1.4)% of the cell is water. The intracellular cation concentrations were
measured with a flame photometer and are 96(±7)mM Na+ and 50(±4)mM K+. Membrane potential
was estimated from measurements of the transmembrane equilibrium distribution of tritiated
triphenylmethyl phosphonium, a lipophilic cation, after 30 minutes of incubation at 37°C.
The membrane potential (Em) determined in this manner is -34(±4)mV, intracellular fluid
negative with respect to the external medium. Transmembrane potential was also estimated
with a fluorescent probe, Di-S-C3(5). Changes in fluorescence were measured at various
external Kh concentrations after the addition of valinomycin (10-5M), a K+ ionophore. The
null point, i.e., the external K+ concentration at which there is no fluorescence change, was
determined. At the null point, the membrane potential of the cells is the same as the K+
equilibrium potential, which can be calculated. Ems estimated in this manner, is -42 mV.
These results indicate that rat alveolar macrophages are of the high Na+ - low K+ type and
the membrane potential is approximately -40 mV.
M-PM-Po42 CADMIUM EFFECT ON CALCIUM UPTAKE IN HUMAN RED BLOOD CELLS. G. A. Plishker, Baylor
College of Medicine, Houston, TX 77030
Calcium entry into the intact human red blood cell is enhanced by cadmium. The rate of
net uptake of calcium is 10 times greater when 1mM cadmium is present in the incubation
solution containing 40mM CaCl, 10mM NaCl, 1mM KC1, 90mM tetramethylammonium chloride and
20mM HEPES-Tris buffer pH 7.8 at 20'C. Cadmium has no effect on the rate of calcium efflux
from cells preloaded with calcium. The ability of cadmium to increase the net entry of
calcium is not a general characteristic of divalent cations. Barium, magnesium, cobalt,
strontium, manganese do not enhance the uptake of calcium. The specificity of the cadmium
effect for calcium uptake was evaluated by measuring the sodium, potassium and ATP content
of cells during incubations with and without cadmium. These cellular constituents were not
significantly altered by cadmium. However, cadmium did alter the calcium dependent potassium
efflux from these cells. Despite a marked increase in calcium entry, there was not a pari
passu increase in potassium efflux. At present it is unclear whether cadmium directly
influences the calcium dependent potassium channel or has some generalized effect on
intracellular calcium compartmentalization.
Supported by the Muscular Dystrophy Association.
M-PM-Po43 OUABAIN AND Pi ARE BOUND TO THE SAME 95K POLYPEPTIDE CHAIN IN AN Na, K-ATPase
FUNCTIONAL UNIT. B. Forbush* and J.F. Hoffman, Department of Physiology, Yale University
School of Medicine, New Haven, CT 06510.
We have investigated the question as to whether ouabain and Pi are both present at the
same time on the same of two apparently identical large polypeptide chains of the Na,K-
ATPase functional unit. The ouabain binding site of Na,K-ATPase was photolabeled with 2-
nitro-5-azido-benzoyl ouabain (NAB-ouabain, see Biochemistry, 17: 3667, 1978) and simul-
taneously phosphorylated from Mg32P,. The stoichiometry of binding was one [3H]-NAB-
ouabain per one 32p; the photolabeling efficiency of the large chain was 18%. The enzyme
was denatured with acid, solubilized with SDS, and the large polypeptide chains were
separated by gel electrophoresis at pH 2.4 and extracted from the gel. Large chains which
had been labeled with [3H]-NAB-ouabain were separated from unlabeled chains by binding to
a ouabain antibody (courtesy Thomas Smith) and binding of the antibody to immobilized
Protein A of Staph. a. When the photolabeled chains were thus separated (only 18% of the
chains that had originally bound NAB-ouabain were photolabeled), 19% of the incorporated
32Pi was separated with them, indicating that each chain to which NAB-ouabain was bound
was also phosphorylated. When the apparent photolabeling efficiency was enhanced to 51%
by washing off non-covalently bound [ H]-NAB-ouabain and then phosphorylating, 54% of the
32p was precipitated with the labeled chains. In 8 experiments the ratio of 32p to [3H]-
NAB-ouabain on labeled chains was 1.03 ± 0.08 (s.d.). In control samples in which differ-
ent aliquots of Na,K-ATPase were photolabeled or phosphorylated, and combined at the stage
of SDS solubilization, less than 1% of the 32Pi was found with the separated [3H]-labeled
chains. We conclude that the same large polypeptide chain that binds ouabain is phosphory-
lated from MgPi. (Supported by USPHS grants HL-09906 and AM-17433).
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M-PM-PO44 THE USE OF THE KINETICS OF BINDING OF A N9N-TRANSPORTED COMPETITIVE INHIBITOR TO
STUDY THE MECHANISM OF CO-TRANSPORT. R. J. Turner, and M. Silverman, Univ. of Toronto,
Toronto, Ontario.
We have examined the kinetics of binding of a non-transported competitive inhibitor to a
membrane bound co-transport system. Several models of the mobile carrier type have been
analyzed. Our calculations indicate that considerable quantitative data about the trans-
porter can be obtained from inhibitor binding studies and that in some cases this approach
is superior to substrate uptake experiments. Although our results are quite general we are
particularly interested in the electrogenic co-transport of sodium and D-glucose across the
renal brush border membrane. The drug phlorizin is known to be a specific inhibitor of this
transport system presumably because it competes with D-glucose for its binding site on the
carrier. We will present theoretical results which predict how the binding kinetics of
such an inhibitor will depend on membrane potential, activator (sodium) concentration and
transmembrane activator gradients. In general the models we have treated indicate that
variations in each of these factors should result in chanres in the apparent binding
affinity leaving the apparent number of binding sites unchanged. Experimental measurements
of the binding of phlorizin to renal brush border membrane vesicles which support these
predictions will also be presented.
M-PM-Po45ION EFFLUX FROM MUSCLE: MAJOR CONTRIBUTION BY DIFFUSIONAL EFFLUXES FROM SOLIDS.
D.D. Busath* and J.W. Woodbury (Intr. by J.L. Walker), Dept. Physiol., U. of Utah, Salt Lake
City, UT 84108.
The experimentally measured efflux of benzoate and SCN from frog sartorius muscle has
three components: the interstial washout; the transmembrane efflux; and a late, continually
flattening, diffusional component. Experiments were done to find the structures that give
rise to the diffusional efflux. Measurements of uptake and loss of benzoate and SCN were
made on materials that may come in contact with radioactive media during an experiment. All
the results are well fitted by the diffusion equation: The total efflux, E, as a function
of time, t, from a slab of thickness, 2 d; surface area, A; diffusion constant, D; partition
coefficient, K soaked for a time T in a solution of concentration C * is well approximated
by E = KC*A D1/2wl1/2[t-1/2 - (t + T)-1/2] for (t + T) < 4 d2/7D. This condition is met in
experiments since 4 d2/vD >> 104 min. Since C* and T are known and A is taken as the geo-
metrical area, K2D can be estimated from the one parameter fit of the equation to the ex-
perimental data. Values of K2D in (cm2/s) obtained, listed in decreasing order are for ben-
zoate: ethilon monofilament, 1 x 10-11; silk thread, 5 x 10-12; slow component from whole
muscle, 5 x 10-12; connective tissue, 2 x 10-12, polymethylmethacrylate, 1 x 10-12; cotton
thread, 5 x 10-16; glass, 2 x 10-16. Results for SCNT: nylon block, 5 x 10-9; connective
tissue, 3 x 10-12; silk thread, 1 x 10-13; stainless steel wire, 1 x 10-13, tungsten wire,
5 x 10-14; PE tubing, 2 x 10-15; methylmethacrylate, 5 x 10-16; glass, 2 x 10-1 . Sample
variability is often large, about one order of magnitude. Despite the small values of K2D,
materials with high surface areas such as silk thread give effluxes that obscure those from
muscle. Glass, wire and cotton thread are the best materials to use for holding tissue
samples. (Supported by NIH grant AM 20674.)
M-PM-Po46 ION EFFLUX FROM FROG MUSCLE: LARGE DIFFUSION COMPONENT FROM CONNECTIVE TISSUE.
J.W. Woodbury and D.D. Busath,* Dept. Physiol., U. of Utah, Salt Lake City, UT 84108.
Earlier findings that the conductance of frog sartorius muscle fiber membranes to benzo-
ate depends inversely on pHo led to experiments to determine if benzoate efflux varies simi-
larly. Isolated sartorius muscles were soaked for two hours in Ringer's containing 14C-
benzoate. Efflux was measured by an automated version of the standard technique of moving
the muscle through successive vials containing wash solution. The plot of log efflux vs
time shows the usual interstitial washout component followed by a linear region, with a time
constant of 30-60 minutes attributed to transmembrane benzoate flux. At about 200 minutes
the linear component merges into a much slower component which is characterized by continual
flattening; efflux is still appreciable at 1200 minutes. Since there is no obvious struc-
tural basis in muscle cells for the many compartments necessary to explain the late portions
of the efflux curve, washouts were done on connective tissue (CT) sheaths dissected off sar-
torii. The efflux shows a continually flattening behavior closely paralleling the late
washout of the whole muscle but less in amplitude. CT and late portions of muscle efflux
curves are accurately described by the diffusion equation. The diffusion constant of benzo-
ate in CT is very small,/vlo 12 cm2s 1. Similar values are found for SCN . Values this
small are typical of solids, suggesting that benzoate, SCN- and presumably other small mole-
cules diffuse extremely slowly in macromolecules such as collagen. The late time efflux
from whole muscle is roughly equal to that calculated from the CT content of the muscle. If
so, it is simple to calculate and subtract the CT component from the whole muscle curve.
(Supported by NIH Grant AM 20674.)
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45M-PM-Po47 EXTERNAL PH EFFECTS ON CA EFFLUX FROM FROG SARTORIUS MUSCLE. E.T. Hays* and
R.J. Connett*(Intr. by P. Horowicz), Univ. of Rochester, Rochester, NY 14642 and Nazareth
College, Rochester, NY 14610.
The efflux of 5Ca from frog sartorius muscles was measured over a range of external
pH (pH ) from 5.2 to 8.5 with or without 2 mM caffeine or 15 mM potassium4gresent. The
muscles were exposed for 3 hrs to normal frog Ringer solution containing Ca. They
were then washed for 2.5 hrs into a Ringer solution containing 1.8 mM Ca, 1.4 mM glucose
and pancuronium (.2 mg/100) which was buffered by 1.5 mM phosphate and 5 mM Tris. Paired
muscles were then exposed for 1.5 hrs to experimental solutions and were then returned to
the reference solution for an additional 1.5 hrs. The results indicate that a stimula-
tion of calcium efflux occurs when pHe is reduced from 7.3. At a pH of 5.2 the
stimulation is about 200%. When the pHe is elevated from 7.3, an inhibition of calcium
efflux occurs. The efflux at a pHe of 8.5 is about 70% of the value at 7.3. From a
pH of 5.2 to 8.5, both caffeine and potassium give a significant increase in calcium
efFlux. The absolute increase is similar at each pH . This work is partially supported
by a BRSG grant to Univ. of Rochester and USPHS Grant lR01AM2212401.
M-PM-Po48 MONITORING VOLUME CHANGES IN RED CELL GHOSTS BY MEANS OF A FLUORESCENT PROBE.
Howard Kutchai, Physiol. Dept., U. Va., Charlottesville, VA 22908 and Hematology-Oncology
Section, Hospital of the University of Pennsylvania, Philadelphia, PA 19104.
Rapid water fluxes occur in red blood cells in response to imposed osmotic gradients.
The kinetics of water movement has been most successfully determined by taking advantage of
the changes in light scattering that occur when red cells change volume. This has required
custom-built light-scattering apparatus (Sidel and Solomon, J. Gen. Physiol. 41:243, 1957).
We report here a method for monitoring volume changes in red cell ghosts that should be
utilizable with commercially-available stopped-flow rapid reaction devices. Resealed pink
red cell ghosts are prepared by the method of Steck, trapping both residual hemoglobin and
8-hydroxy-1,3,6-pyrenetrisulfonate (HPTS) inside. The membrane of the ghost is relatively
impermeable to HPTS; less than 1% of the trapped HPTS leaks out in 90 min. at 370C. Hemo-
globin is an effective quencher of HPTS fluorescence: half-quenching occurring at 0.6 mg/ml
(9.3 iiM) hemoglobin. When HPTS-loaded ghosts are caused to shrink with hypertonic NaCl,
concentrating the trapped hemoglobin, the fluorescence of the HPTS-loaded ghosts decreases.
When the ghosts swell, fluorescence increases. The extent to which the fluorescence of a
ghost suspension changes for a given change in ghost volume depends on the hemoglobin con-
centration in the ghosts, the hematocrit, and on other parameters. Under some conditions,
the change in fluorescence is linearly related to ghost volume for either swelling or
shrinking. This method of monitoring changes in cell volume should be useful for regis-
tering the rapid movements of water across the red cell ghost membrane in response to
imposed osmotic gradients. (Supported by GM 24168 and RCDA HL 00014 from the National
Institutes of Health.)
M-PM-Po49,CALCIUM MODIFICATION OF THE ANION TRANSPORT MECHANISM IN RED BLOOD CELLS. R.B. Gunn
0. Fr8hlich, J.D. Macintyre* and P.S. Lo*, Pharm. & Physiol. Sci., Univ. Chicago, Chicago,
IL 60637 and Dept. Chemistry, Purdue Univ., West Lafayette, IN 47907. 0
Chloride (Cl) kinetics were determined in fresh human erythrocytes(pH 7.8, 0 C) pretreat-
ed with the calcium ionophore A23187 (10 rM; 15 min at 370C) in the presence and absence of
external calcium(Ca). Low has shown that internal Ca ions partially inhibit sulfate fluxes
(BBA,1978, in press). We measured the Cl concentration dependence of Cl equilibrium flux
(EF) with Cl. =C1 and the Cl steady state exchange flux with Cl constant and Cl var-
iable using isoionYt isotonic citrate-sucrose substitution. WithouA Ca the ionopoutre had
no effect on Cl kinetics. Without ionophore, external Ca had no effect on chloride kinetics
and the chloride concentration causing half-maximum flux was K1 2(EF)=55+4 mM, K1 2 3t3.0
+0.4mM, V = 1053+44 mEq Cl/(kg cell solids.min) calculated frbm 15-20 flux values a ong a
hyperbolic curve. With ionophore pretreatment in Ca solutions, Cl transport was inhibited up
to 55%. Using EGTA-Ca buffers and an approximate dissociation constant at pH 7.8 00C, we
estimate K1=2-10 PM Ca. In 15 mM Ca the ionophore caused a 3 fold increase in K1 (EF) to
168+28 mM, reduced V to 438+16, but had no effect on K2 '-(=2.6+0.4 mM). Previously
we have shown that andn transport has ping-pong kinetics bmd"MAat K1/ (EF) is approximately
equal to K112i . Therefore, internal Ca greatly increased the asymmetry of the anion trans
port mechanism Voward the transported anion, chloride. (Supported in part by USPHS grants
HL-20365, HL-20725 and GM-24417)
SARCOPLASMIC RETICULUM Biophysical Journal vol. 25, 1979 107a
31M-PM-Po5O P NMR STUDIES ON ORIENTED SARCOPLASMIC RETICULUM MEMBRANES. A. C. McLaughlin,
Biology Dept., Brookhaven National Laboratory, Upton, N.Y. 11973, L. Herbette and J. K.
Blaisie, Chemistry Dept., University of Pennsylvania, Philadelphia, Pa. 19104, C. T. Wang
and S. Fleischer, Molecular Biology Dept., Vanderbilt University, Nashville, Tenn. 37235.
Phosphorus nuclear magnetic resonance (31P NMR) has been used to study the motion of
the polar head group region of phospholipids in oriented multilayers formed from three
different preparations; purified sarcoplasmic reticulum, reconstituted sarcoplasmic
reticulum and lipids isolated from sarcoplasmic reticulum. All experiments were performed
under conditions in which the partially hydrated membranes were functional.
The 31P NMR spectra from all three preparations exhibited two components: a major
component, whose chemical shift was sensitive to the orientation of the membranes; and a
minor component, whose chemical shift was apparently insensitive to the orientation of the
membranes. For all three preparations the chemical shift of the major component varied in
a manner predicted by the 3cos29-1 function, where 0 is the angle between the magnetic
field and the normal to the plane of the membrane. The chemical shift anistropy of the
major component was determined from the difference in the chemical shift of the signals
for the parallel and the perpendicular orientation of the membrane, and was similar for
all three samples.
It can be concluded that the major component cf the 31P NMR signal from the
sarcoplasmic reticulum and the reconstituted sarcoplasmic membranes is due to 'bilayer-
like' lipid, where the phosphate group is able to rapidly rotate about the normal to the
plane of the membrane (T <105seconds) and where the motion of the phosphate group is
similar to the motion ofRthe phosphate group in model bilayer membranes. (Research
supported by the U.S. Department of Energy.)
M-PM-Po51 DISTINCTIVE ULTRASTRUCTURAL AND BIOCHEMICAL CHARACTERISTICS OF SKINNED FIBEIS
FROM MAMLAL;AN FAST- AND SLOW-TWITCH MUSCLES. A.B. Eastwood, M. Sorenson, J.A. Leavens
and K. Bock , H. Houston Merritt Research Center, Depts. of Neurology & Anatomy, Columbia
University, New York, N.Y. 10032.
Chemically skinned fibers from rabbit extensor digitorum longus (EDL) and soleus (SOL)
muscles are distinguishable both in ultrastructure and in sarcoplasmic reticulum (SR)
function. In thin sections, as reported by Eisenberg and Kuda for guinea pig fast- and
slow-twitch muscles (J. Ultrastr. Res. 54:76, 1976), a majority of fibers from SOL had
wider Z lines than EDL (mean *+ S.D.-116+13 nm vs. 69*13 nm), and larger and more numerous
mitochondria. Light scattering was used to follow net Ca accumulation in the presence of
oxalate (5-25mM). Fibers were loaded to their maximal capacities and then fixed. In stereo
pair micrographs of unstained 1 pm sections, Ca oxalate crystals were more numerous in EDL
than in SOL. They filled nearly all visible SR membrane profiles in both fiber types, and
were not found in other organelles. Kinetic and steady-state characteristi93 of Ca accumula-
tion were determined by correlating light-scattering measurements with Ca contents of
fibers from both types of muscle. In agreement with Briggs et al. (J. Physiol. 266:587,
1977), we found maximal capacities and Km values for Ca accumulation to be 2- to 3-fold
higher for EDL fibers. Maximal velocities calculated by extrapolation of double-reciprocal
plots were 6- to 7-fold higher in EDL. This difference in maximal rates of Ca uptake by EDL
and SOL fibers is more than can be accounted for by the larger SR volume in EDL. We specu-
late that transport sites in SR membranes of the two muscles may differ in density or
turnover number. Supported by NIH and MDA.
M-PM-Po52 CALCIUM-INDUCED CALCIUM RELEASE IN SARCOPLASMIC RETICULUM VESICLES. R. Kupsaw*,
C. F. Louis*, A. M. Katz, University of Connecticut Health Center, Farmington, CT 06032
Calcium-induced calcium release has been demonstrated in calcium-filled sarcoplasmic
reticulum vesicles (SR) isolated from rabbit fast skeletal muscle. SR vesicles were filled
with calcium at 250 in reaction mixtures containing 120 mM KC1, 40 mM histidine buffer
(pH 6.8), 5 mM MgATP, and an ATP regpnerating system. Calcium contents were measured by
Millipore filtration. High initial 45CaC12 concentrations (Ca2+ = 5-15 PM) were selected
to allow the vesicles to fill to near maximal capacity (4-6 pmol/mg). At the time that Ca
content reached an initial maxinum, externaL Ca2+ had fallen below 1 PM. Addition of a
small amount of constant specific activity25CaCl2 at the tine that Ca content reached this
initial maximum, (which raised external Ca2+ by 2-3 PM) 2aused a Ca release more rapid and
of greater magnitude than occurred spontaneously in control reactions. Approximately
one third of the total Ca content 2ould be released by this added Ca. Ca release occurred
over the same range of external Ca that had earlier supported Ca uptake. That the Ca
release was not due to membrane deterioration or substrate depletion was evidenced by later
reuptake of Ca by the vesicles. The rate of this calcium-induced calcium release, while
occurring in the same range of external Ca2+ as in skinned muscle fibers, was considerably
slower than that observed in this more physiological preparation.
Supported by Research Grants HL-21812 and HL-22135 from the USPHS. Charles F. Louis is a
Muscular Dystrophy Association Fellow.
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M-PM-Po53 LASER RAMAN SPECTROSCOPIC INVESTIGATIONS OF LIPID AND PROTEIN CONFORMATIONS
IN SARCOPLASMIC RETICULUM. J. L. Lippert, R. M. Lindsay,* R. I. Schultz,* and D. J.
Osterhout,* Rochester Institute of Technology, Department of Chemistry, Rochester,
N.Y., 14623.
Raman spectroscopy was used to study the configurations of lipid and protein
components of sarcoplasmic reticulum (SR) vesicles as well as changes in thos 1 con-figurations resulting from temperature variations or the addition of Ca4+, Mg + or
ATP. In addition, the conform tions of calsequestrin from SR, of SR depleted of ex-
trinsic protein, and of the CA +-ATPase from SR were examined using the Raman spectro-
scopic technique and compared to the conformations in the intact vesicle. A newly
developed computer data aquisition system greatly enhanced resolution and comparisons
of the Raman spectra. The study suggests that intact SR vesicles contain protein of
a substantially helical conformation and a very fluid lipid bilayer. A conformational
change was observed in the Ca2+-ATPase at 13-170C which may involve the burying of try-
ptophan residues and increased helicity. The Raman spectrum of calsequestrin indicates
a predominantly random sec?ndary structure in solution, but a highly helical configura-tion in the presence of Ca +. The spectra suggest that removal of the extrinsic pro-
teins from the SR vesicle does not alter the conformation of the ATPase protein in
the vesicle; however, separation of the Ca2+-ATPase from SR is suggested to result
in a substantial change in ATPase conformation.
(Supported by PHS 1 ROI GM24408.)
M-PM-Po54 EFFECT OF Ca2+ TRANSPORT ON A MEMBRANE POTENTIAL IN SARCOPLASMIC RETICULUM.
G. Meissner, Depts. of Biochemistry and Physiology, U. North Carolina, Chapel Hill, N.C.
27514
Evidence for an electrogenic Ca2+ pump has been obtained by studying the effects of Ca2+
transport on membrane potentials and ion fluxes. Membrane potentials in K,Na impermeable
and permeable skeletal muscle sarcoplasmic reticulum vesicles were generated by diluting
K+ filled vesicles into media containing Na+ plus valinomycin or Tris+. The relatively
impermeable anions, gluconate or methanesulfonate, were used as counter ions. Potentials
were measured using the voltage-sensitive membrane probe 3,3'-di entyl-2,2'oxacarbocyanine.
Membrane potentials ormed rapidly and dissipated slowly as Tris or Na+ moved into vesicles.
Addition of Ca2+, Mg5+ or ATP (in the absence of Ca2+) did not appreciably effect the
magnitude or half time of generated membrane potentlials. However, collapse of K+ gradients
was accelerated during Ca2 transport when Ca+, Mg + and ATP were added together to
vesicles. Evidence against a directly coupled ATP mediated K+ - Ca2+ exchange reaction was
that similar results were obtained by substituting K+ by organic cations which could permeate
rapidly through the cation cha nel of K,Na permeable vesicles. The data suggest the
presence of an electrogenic Ca+ pump in native sarcoplasmic reticulum membrane. The K,Na
permeable channel appears to act as a complimentNry part of the Ca2+ transport system by
allowing rapid K+ outward movement to counter Ca + fluxes during muscle relaxation.
(Supported in part by USPHS Grant #AM 18687).
M-PM-Po5S;DO POTENTIAL CHANGES ACCOMPANY Ca2+ FLUXES IN SARCOPLASMIC RETICULUM?
T. Beeler, J. T. Russell, and A. Martonosi, St. Louis Univ., St. Louis, Mo. 63104
The relationship between Ca2+ fluxes and the ion diffusion potential was analyzed on sar-
coplasmic reticulum (SR) membranes using oxacarbocyanine dyes as optical probes for membrane
potential. 3,3' diethyloxodicarbocyanine (Di-O-C2(5)) responds to ATP-induced Ca2+ uptake by
isolated SR vesicles with a decrease in absorbance at 600 nm. The optical change is reversed
during Ca2+ release from SR,induced by KC1 or by ADP and inorganic phosphate. The absorbance
changes are largely attributable to the binding of accumulated Ca2+ to the membrane. There
is no indication that sustained changes in membrane diffusion potential would accompany
pump mediated Ca2+ fluxes. This does not exclude electrogenic Ca2+ transport,since fast
anion fluxes may neutralize the potential change. A large change in the absorbance of Di-O-
C2(5) was observed on SR vesicles under the influence of membrane potential generated by
valinomycin in the presence of a K+ gradient or by A23187 in the presence of a Ca2+ gradient.
The maximum of the potential dependent absorbance change is at 575-580 nm. The potentials
generated by valinomycin or A23187 are shortlived due to the high permeability of sarcoplas-
mic reticulum membranes for cations and anions. SR vesicles equilibrated with 0.3 M K-
methanesulfonate and 15 mM Ca-gluconate were diluted into media containing methanesulfonate
or chloride salts of Na+, and K+, with or without valinomycin. Large change in potential was
generated upon dilution into media containing 0.3 M Na-methanesulfonate and 1 PM valinomycin
with only slight change in the rate of Ca2+ release. On the other hand, dilution into 0.3 M
KC1 or 0.3 M NaCl caused rapid release of Ca2+ with only a small change in potential. These
observations suggest no correlation between the direction and magnitude of the artificially
imposed membrane potential and the rate of Ca2+ uptake or release by isolated SR vesicles.
(Supported by NIH, NSF, and the Muscular Dystrophy Assn.)
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M-PM-Po56 THE EFFECT OF TEMIPERATURE ON THE ALLOSTERIC SITE OF CARDIAC SARCOPLASMIC
RETICULUM CA-ATPASE. J.J. Feher* and F.N. Briggs, Medical College of Virginia, Richmond,
Virginia 23298.
The Arrhenius plots of the cardiac sarcoplasmic reticulum Ca-ATPase exhibit a transition
temperature of about 240. This transition may be due to one or more factors including (a)
a conformational change in the ATPase which alters the energy of activation for the rate-
limiting step (b) a change in membrane permeability (c) a shift in the rate-limiting step
and (d) temperature variation of km for any required ligand. Differentiation among these
possible causes was sought by investigating the effect of temperature on the overall 'kinetics
of the ATPase enzyme. The ionophore, A23187, was used to rule out changes in permeability to
Ca2+. Since no effect of temperature on phosphoenzyme level was seen, any shift in the rate-
limiting step must occur after phosphoenzyme formation. Increasing ATP concentration above
50p1I altered the slope of the Arrhenius plot only at temperatures above 24°, suggesting that
temperature variation of km for ATP may be involved in the transition observed. The Line-
weaver-Burk plots of ATPase activity and MgATP concentration are biphasic throughout the
temperature range studied, and at high MgATP concentration they appear linear and have an
associated km. This low-affinity km is associated with an allosteric site since (1) there
is an activation of ATPase activity and (2) there is no change in phosphoenzyme level. The
apparent km for the allosteric site is temperature-dependent, giving a linear relation on a
van't Hoff plot with AH for binding = 21 kcal/mole. The overall results suggest (1) the km
for the low-affinity, allo$teric site can be approximated by a dissociation constant and
(2) variation in km for the allosteric site due to thermal kinetic effects can account for
the observed Arrhenius plots. (Supported by NIH Grant HL-19485 and HL-23142).
M-PM-Po57 TRANSVERSE TUBULAR MEMBRANES ISOLATED FROM NORMAL AND DYSTROPHIC MUSCLE.
R. Sabbadini, D. Scales* and C. Nixon*, Department of Biology, San Diego State University,
San Diego, Calif. 92182 and Laboratory of Physiology and Biophysics, University of the
Pacific, San Francisco, Calif. 94115.
A method is presented for the isolation of transverse tubular membranes from microsomal
fractions of normal and dystrophic chicken muscle. Electron microscopic and biochemical
techniques were used to characterize these membranes and to estimate the contamination from
the sarcoplasmic reticulum and sarcolemma. By applying stereological analyses to freeze
fracture replicas of both intact muscle and isolated membranes, we were able to identify the
microsomes as originating from the transverse tubules. Mean particle densities and particle
density distributions of the isolated membranes were similar to those of intact T-tubules but
distinct from sarcolemma and sarcoplasmic reticulum. The P faces of T-tubular membranes
isolated from dystrophic muscle displayed a 30% reduction in protein particle density when
compared to normal membranes (normal, 680±48/p2; dystrophic, 480±30/p2). Both normal and
dystrophic membranes contAined negligible amounts of specific Na+-K ATPase activity
suggesting that little contamination from the sarcolemma was present in either preparation.
However, an active Ca-ATPase could be observed in both normal and dystrophic T-tubular
membranes (normal, 1.41 pm/mg/min; dystrophic 2.19 um/mg/min). Supported by USPHS #5-POl-
16607
M-PM-Po58 THE USE OF 0-(2-FURYL)- ACRYLOYL PHOSPHATE AS A SUBSTRATE FOR SARCOPLASMI C
RETICULUM. Mark Kurzmack* and Giuseppe Inesi, Laboratory of Physiology and Biophysics,
University of the Pacific, San Francisco, California 94115; Sidney A. Bernhard, Institute
of Molecular Biology, University of Oregon, Eugene, Oregon 97403.
a-(2-furyl)-acryloyl Phosphate (FAP) may be used as a substrate for sarcoplasmic reticu-
lum. Concentrations of FAP ranging between 0.01 and 1.0 mM (10 mM MgC12) sustain Ca2+
transport and hydrolytic activity at rates similar to those sustained by ATP. In analogy to
ATPase, a Ca2+ independent FAPase is observed which is stimulated by Ca2+ in the micro-
molar range. Both hydrolytic activity and Ca2+ transport are prolonged by the addition of
oxalate.
Ca2+ transport in the initial phase of the reaction may be measured in stopped flow
experiments with the aid of metallochromic indicators (e.g., Arsenazo III and Antipyrylazo
11I). Furthermore, direct measurements of radioactive isotope can be obtained by rapid
quench methods. In these experiments,the patterns of kinetic activation observed with
FAP and ATP are simi lar.
A specific experimental advantage of FAP is its chromophoric property, exhibiting a
spectral shift upon hydrolysis. This property permits detection of initial hydrolytic
activity by dual wavelength photometry in stopped flow experiments.
Supported by NIH (HL 16607) and Muscular Dystrophy Association.
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M-PM-Po59 THE USE OF LANTHANUM IN RAPID QUENCHING OF SARCOPLASMIC RETICULUM ACTIVITY.
Michele Chiesi* and Giuseppe Inesi, Laboratory of Physiology and Biophysics, University of
the Pacific, San Francisco, California 94115.
Quenching techniques are a most important aid to rapid kinetic studies of sarcoplasmic
reticulum vesicles, within the millisecond time scale. Quenching may be obtained with
hydrochloric acid, producing protein denaturation and total loss of calcium accumulated by
the SR vesicles. Acid quenching is most useful in the study of the ATPase catalytic cycle
and its partial reactions (e.g., acid stable phosphorylated enzyme intermediate).
Quenching may also be obtained with reagents (e.g., EGTA) which displace Ca2+ from acti-
vating sites on the enzyme. We recently found that Lanthanum (2 mM) is a convenient reagent
for this purpose. In this case, quenching is obtained within 1- 2 milliseconds. Following
quenching, transported calcium remains trapped inside the vesicles, rendering possible
measurements of active transport by rapid quench methods.
While Lanthanum and EGTA are both effective in preventing efflux of Ca2+ accumulated in
the presence of ATP, only Lanthanum prevents efflux of Ca2+ from passively loaded vesicles.
A particularly interesting application is that of double quenching. In these experi-
ments, quenching is first obtained with a non-denaturing reagent (EGTA or Lanthanum),
followed at serial intervals by acid quenching. In this manner, decay of enzyme inter-
mediates can be studied directly.
Supported by NIH (HL 16607) and Muscular Dystrophy Association. M.C. is a NIH postdoctoral
fellow (TW02588-01) and is partially supported by the Swiss Nationalfonds(5'521'330'615/7).
M-PM-Po60 CHARACTERIZATION OF THE lONOPHORIC SITE OF Ca2++Mg2+-ATPASE BY VARIOUS CLEAVAGE
AND RECONSTITUTION PROCEDURES. Adil E. Shamooa, Tom Herrmanna, Amira Klipbi and David
MacLennanb a.-University of Rochester, School of Med.& Dent., Rochester, NY 14642.
b-Banting & Best Inst. Med.Res.,Charles H. Best lnst., University of loronto, Toronto, Ont-
ario, M5G 1L6.
Our data have shown that intact enzyme Ca2++Mg2+-ATPase molecule contains the Ca -
conducting pathway (Ca2+-ionophorous pioperty) as an integral part of the enzyme molecule
(Shamoo and MacLennan,PNAS (1974) 71 : 3522.) Furthermore, we have shown that controlled
tryptic digestion of the enzyme results first in 55,000 (A) ano 45,000 (B) dalton fragments,
followed by a further cleavage of the 55K fragment into 30,000 (A1) and 20,000 (A2) dalton
fragmients. It was also shown that the 55K (A) and 20K (A2) have similar ionophorous activ-
ity to the intact enzyme (Shamoo et al., JBC (1976) 251:4147; and Shamoo, J.Memb.Biol., In
Press), and that the 45K dalton fragment has non-selective "channel" like activity (Abram-
son and Shamoo, J.Memb.Biol., In Press). The 20K (Az) fragment showed similar ionophorous
activity in oxidized cholesterol as well as phosphatidylcholine:cholesterol membranes.
Furthermore, the 20K (A2) fragment posseses Ca2+ ionophorous properties in phosphatidylchol-
ine vesicles as has been shown in black lipid membranes. Also it is shown that the cyanogen
bromide fragment (12,883 daltons)of the 20K fragment contains the viable Ca2+-ionophore.
A model relating the structure-function relationship of the various sites of action in
Ca2++Mg2+-ATPase molecule will be presented.
This research is supported by NIH # l-ROl-AM18893 and U.S.DOE contract, and is assigned
Report No. UR-3490-1499.
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M-PM-Po6l ORIENTATION OF SMOOTH MUSCLE AND ENDOTHELIAL CELLS IN ISOLATED ARTERIOLES. James
G. Walmsley & Robert W. Gore*, Depts. of Physiology, Univ. of Virginia School of Medicine,
Charlottesville, VA 22908, and Univ. of Arizona College of Medicine, Tucson, AZ 85724.
Four second order arterioles (40-90-pm, ID) were surgically isolated from the hamster cheek
pouch. The arterioles were cannulated with a Burg microperfusion apparatus and measurements
of active and passive stress-strain characteristics were performed. The vessels were fixed
with 2% glutaraldehyde in 0.1 M cacodylate buffer. Two vessels were passively distended un-
der 60 cm H20. The other two were maximally contracted with 5.95 x 10-5M norepinephrine and
139 mM K+ under 100-105 cm H20. The nuclei, which are aligned with the cellular axis in both
smooth muscle (SM) and endothelial cells, were stained dark blue with Harris' hematoxylin.
For the uncontracted vessels, the nuclear length/diameter dimensions (in um) were 22 ± 5.4/
2.0± .83 and 17±2,9/2.8±.58 for SM and endothelium respectively (mean±SD throughout). The
orientation of SM was circular, a pitch of 1.60 ± 5.5 with respect to the transverse axis.
Endothelial cells had a longitudinal orientation at an angle of 0.2° ± 6.6 with respect to
the vessel axis. In contracted arterioles, the length of SM nuclei decreased 37%± 17 and
mid-wall vessel diameter decreased 55% ± 10. The media was composed of a layer of smooth mus-
cle with adjacent cells partially overlapping and was bounded by basement membrane on one
side and wavy connective tissue on the other. Direct nuclear counts (3.2 x 10-3 cells/PM2 of
wall surface) and estimates of SM diameter from medial thickness (4.6pm±1.1) were used to
calculate SM cell length (67iim± 16). Stereological analysis of electron micrographs yield-
ed a SM cell length estimate of 59iim± 17. The orientation measurements suggest that for SM
contraction in arterioles of the cheek pouch, only circumferential stress need be considered.
[Work done in the laboratories of Drs. B.R. Duling & R.A. Murphy, supported by NIH grants
P01 HL19242, HL12792 and HL13437.]
M-PM-Po62 ISOMETRIC CONTRACTILE PROPERTIES OF AMPHIBIAN SKELETAL 4USCLE IN THE TEMPERATURE
RANGE OF 0°C to 200C. Bernard H. Bressler and Johanne D. Charbonneau, Department of Anatomy,
The University of British Columbia, Vancouver, Canada.
The maximum isometric twitch (Pt) and tetanus tension (PO) time to peak twitch tension
(TTP), half-relaxation time (*RT), and the instantaneous stiffness of frog (Rana pipiens)
and toad (Bufo bufo) sartorii were measured at 0°C and over the entire temperature range of
0°C to 20 C. Pt showed little change between 0°C and 40C. Between 40C and 120C, Pt was var-
iable between species and between muscles in the same species showing either a potentiation
of tension or a decrease in tension. Toad sartorii showed a greater potentiation than frog
sartorii in this temperature range. Between 120C and 200C, Pt decreased steadily in all
muscles studied. Po increased steadily as the temperature was raised to 200C reaching a
final value of 30-50% above the values recorded at 0°C. TTP and JRT both decreased markedly.
Most of the decrease was over the range of 1-120C with a further fall to an eventual plateau
by 200C. The *RT decreased by a greater proportion at 200C than the time to peak twitch
tension. The increase in PO was not accompanied by a corresponding change in instantaneous
stiffness suggesting that it could not be accounted for by an increase in the total number of
active cross-bridges. With 1 mM caffeine added to the Ringer solution, the isometric twitch
tension was increased over the entire temperature range of 0° to 200C from previously re-
corded values. The potentiation was greatest between 4 C and 120C. Our results suggest
that a) the decline in isometric twitch tension seen above 0°C may be due to a decrease in
the availability (not amount released) of Ca++ ions at the contractile sites, b) the marked
increase of tetanic tension above 0°C is due to maintained levels of intracellular Ca++
ions by repetitive stimulation and an increased cycle time of the cross-bridges. (Supported
by Medical Research Council of Canada).
M-PM-Po63 SHRINKING OF THE MUSCLE FILAMENT LATTICE IN POLYMERIC SOLUTIONS. B. M. Millman
and K. Wakabavashi,* Physics Dept., University of Guelph, Ontario NlG 2W1, Canada.
Experiments on the shrinking of the filament lattice of vertebrate skeletal muscles
using high molecular weight polymers have shown a distinct difference in behaviour between
relaxed muscles and those in the rigor state. We have used high concentrations (0.05 -0.40
g/ml) of dextran (MW = 200,000 - 275,000) and polyvinylpyrrolidone (MW = 40,000) to exert
a variable osmotic pressure on the lattice of rabbit psoas and frog sartorius and semi-
tendinosus muscles. Thick filament lattice spacings were determined by low-angle X-ray
diffraction. Similar results were obtained with the two polymers and the three muscles.
As reported previously (Millman and Racey, 1977, Biophys J. 17:175a), substantial shrinkage
of the lattice (up to 25%) was found in glycerol-extracted or chemically-skinned muscles
after soaking in the polymeric solution for one hour or less when the muscle was in rigor,
but no significant shrinkage was seen in relaxed muscles under similar conditions. When
the muscle was surrounded by a dialysis membrane impermeable to the polymer, shrinkage was
observed with (skinned) rigor muscles, but the process took 10 - 15 hours to come to
completion. As before, relaxed muscles showed no significant shrinkage, even after 12 hours
of soaking with a dialysis membrane. Rapid shrinking does occur, however, in living resting
muscles, where the membrane is intact, using high molarity solutions of low molecular weight
ions, as reported by Rome (J. Mol. Biol. 37:331, 1967); but with the polymeric solutions
and living muscles only slight shrinkage is seen after up to one hour of soaking. We
conclude that lattice shrinking with high molecular weight polymeric solutions is very
much slower in relaxed than in rigor muscle. These results indicate that water is removed
more slowly from the interfilament spaces in relaxed muscle, implying a difference in the
state of this water between relaxed and rigor muscle.
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M-PM-Po64 DEFORMATION OF THE MYOFILAMENT LATTICE DURING CARDIAC CONTRACTION. Henry H. Gale,
Department of Physiology, Creighton University School of Medicine, Omaha, Nebraska 68178.
During cardiac systole the generation of pressure in the blood is accompanied by compres-
sive force in the myocardial wall. There is a gradient of transverse compressive force from
epicardium to endocardium which acts across all cardiac fibers and the myofilament lattice
contained within the fibers. Since the lateral spacing of the filaments is variable, this
transverse compressive force if unopposed would cause collapse of the lattice. Structurally
the collapse would be manifested by packing of the filaments against the inner surface of
fibers lying along curved paths in the chamber wall. The existence of an active transverse
outward pushing force - of the type found in skeletal muscle by A. Fick, Verh. phys.-med.
Ges. Wurzburg, 29: 255-264 (1890) and by Gale, J. Gen. Physiol., 70: 7a (1977) - in cardiac
muscle would explain the absence of lattice collapse and the expansion of cardiac fibers in
the direction of myocardial wall thickening during systolic ejection. During ejection the
circumference of the cardiac chamber decreases which requires cardiac fibers to narrow their
diameter in the chamber circumferential direction at the same time as they increase their
diameter in the direction of wall thickening. Fiber narrowing is produced by the longitudi-
nal shortening of adjacent muscle fibers running in other directions in the myocardial wall.
These deformations imply the following relationship of active transverse and longitudinal
forces in the filament lattice of cardiac muscle. The active pushing force must be strong
enough to produce fiber widening against the transmural compressive force generated by lon-
gitudinal tension development; and the active pushing force must also be weak enough to
allow fiber narrowing caused by neighboring fiber active tension components working in the
circumferential direction. Imbalance in the relation of transverse and longitudinal active
forces could result in the impairment of cardiac contractility.
M-PM-Po65UNIFOR4ITY OF FIBER TYPE IN LIMIULUS TELSON LEVATOR MUSCLES. M. Elfvin,
R. Levine and H. King*, The MIedical Coll. of Penna., Philadelphia, Pa. 1129.
We have previously shown a correlation between A band and sarcomere lengths
in the highly extensible Limulus telson levators (Levine et al. J.Cell Biol.
55:221,'72; Dewey et al. J.Cell Biol. 58:574,'73). The study reported here
verifies the existence of a single fiber type in these muscles and eliminates
the possibility that A band length measurements might be from biased samples
of fibers of different types, having naturally different sarcomere and A band
lengths at all muscle lengths.
The medial and lateral telson levators on one side of the animal were fix-
ed in situ in a modified Karnovsky fixative, with the telson "up"(short fib-
ers-and those on the other side were fixed with the telson "down"(long fib-
ers). 10um longitudinal sections of paraffin embedded muscle were cut normal
to the fiber axes, stained with H&E or Weigert's Hematoxylin, and photographed
using conventional light and phase optics. Sarcomere lengths were measured in
random areas in each field. The mean length of 216 sarcomeres in short fibers
was 3.9um, range:2.9-4.3um, mode:4um. The mean length of 126 sarcomeres in
long fibers was 9um, range:7.5-12.5um, mode:9um. I bands were visible at all
sarcomere lengths, even in sarcomeres shorter than the A bands of long fibers.
This establishes that Limulus telson muscles contain only one fiber type, cap-
able of undergoing large changes in sarcomere length at different telson pos-
itions, and that changes in A band length do occur during sarcomereshortening.
Supp. by USPHS HL15835 to The Penna. Muscle Inst. R.L. has RCDA NS70476.
M-PM-Po661REQUIR1EMENTS FOR IN VITRO SHORTENING AND LENGTHENING OF ISOLATED
THICK FILAMENTS OF LIMULUS STRIATED MIUSCLE. L. Bran*, H1. H. Dewey*, ELA.
Baldwin* and B. Walcott (Intr. by P. Witkowsky), SUNY at Stony Brook, Stony
Brook, N.Y. 11794.
The thick filaments of Limulus striated muscle shorten as the sarcomere
shortens from apnroximatelv 7.0Tm to 3.Opm (Dewey et al. J. Cell Biol. 58:
574-593, 1973). Further, we have demonstrated that filaments isolated in
vitro shorten if physiological levels of ATP and calcium are establisheJ-
(Dewey et al. Amer. Soc. Cell Biol., 1977). Filaments, when isolated in re-
laxing solution from long sarcomeres, are long: 4.2pm SD + 0.3. W.hen these
long filaments are placed in a solution containing 5mM ATP, 5mM EGTA, 5MI
CaC12 and 5!M 1IgC12, they shorten to 2.9,um SD + 0.3 within the shortest time
measured: one minute. Filaments do not shorten in the nresence of AMP-PNP
and calcium. Measurements were made on negatively stained preparations. If
an aliquot of these shortened filaments is then resuspended in a relaxing
solution containing 0.4mg/ml of alkaline phosnhatase with 1% PMSF/ 17, DI¶SO,
they relengthen to 3.7un SD + 0.4. Shortening and lengthening can be repeat-
ed on aliquots from the samefilament isolation.
It is possible that phosnhory7lation-denhosphorylation occurs in the short-
ening and lengthening of thick filaments in vivo. If so, it would be of par-
ticular interest since filament shortening is tension-generating.
Supported by USPHS Grant Am18750.
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M-PM-Po67 CALCIUM DEPENDENCE OF THE FIRST ORDER LINE INTENSITY FROM OPTICAL DIFFRACTION
PATTERNS PRODUCED BY CHEMICALLY SKINNED SKELETAL MUSCLE FIBERS. P.J. Paolini, R.A.
Sabbadirii and G.R. Rieser, Dept. of Biology, San Diego State Univ., San Diego, CA 92182.
The intensity of the first order diffraction line produced by detergent and glycerol
treated single skeletal fibers (F.J.Julian: J.Physiol. (1971) 218: 217) from R. pipiens
semitendinosis was, monitored by a 512 element linear photodiode array operating in a
minicomputer-controlled laser diffractometer. Line intensity was observed to decrease
in stretched fibers at zero myofilament overlap (e.g. 5 microns) as well as at moderate
overlap (e.g. 3.2 microns) sarcomere lengths when these fibers were subjected to Ca4+-
EGTA buffered activating solutions within the physiological range of pCa 5 49 to 6.95.
Grlater magnitudes of the intensity decline were produced by increased [Ca +] at variedMg'+ (1 and 2.5 mM) and ATP (3 and 5 mM) concentrations. Line intensity usually exhibited
full recovery upon return of the fiber to relaxing medium. The same magnitudes of inten-
sity decreases were observed at zero filament overlRp in the absence of ATP, but with
no recovery evidenced in relaxing medium. These Ca +.dependent intensity decreases were
not observed in myosin-extracted preparations made by treatment of skinned fibers with
Guba-Straub solutions, indicating that thick myofilaments are the source of the galcium
effect in non-extracted fibers. These results can be interpreted in terms of Ca +-
dependent effects on thiick filament disordering which are not dependent upon cross-bridge
formation. (This work was supported by USPHS grant HL 16607-04.)
M-PM-Po68 SARCOMERE DYNAMICS AND DIFFRACTED LIGHT INTENSITY CHANGES DURING UNIFORM
CONTRACTILE ACTIVITY IN ISOLATED CARDIAC MUSCLE CELLS. J. Krueger and B. Wittenberg, Albert
Einstein College of Medicine, Bronx, New York 10461
A single cardiac muscle cell is a nearly ideal diffraction grating in which the number of
striations sampled remains constant with shortening, thereby permitting precise analysis of
several aspects of myofilament interaction. We observed the dynamics of myofilament sliding
and the optical grating behavior of cardiac muscle cells enzymatically isolated from rat
ventricular tissue. Sarcomeres in individual cells contracted in an all-or-none response to
electrical field stimulation (<1 msec duration) in 0.5 to 2.0 mM Calcium-Ringers Solution.
Sarcomere length was measured by light diffraction. Sharpness of the diffraction patterns
confirmed uniform and synchronous contractile activity with little, if any, sarcomere length
dispersion. Initial sarcomere length and the overall dynamics of sarcomere shortening were
comparable to those reported for intact, nonenzymatically treated papillary muscle
preparations, except that peak velocity is less dependent on sarcomere length. First order
diffracted light intensity behavior - while extremely variable during sarcomere shortening -
was always greater at any respective sarcomere length during relaxation. In some cells, the
first order intensity remained constant with sarcomere shortening to 1.6 microns, the
reported length of the thick filament. In these cells, first order intensity is: 1) maximal
during late relaxation, coincident with the onset of a slow phase of sarcomere elongation,
and 2) has a peak amplitude which depends upon previous shortening. A diffraction model
based upon fixed myofilament and/or A-band dimensions is inadequate to explain these
results. We speculate that the first order intensity increase parallels thick filament
lateral registration in the isolated cells.
M-PM-Po69 SARCOMERE LENGTH RESPONSES TO SMALL LENGTH PERTURBATIONS OF SINGLE MUSCLE FIBERS.
K.P. Roos and R.J. Baskin, Cardiovascular Res. Lab., CHS, UCLA, Los Angeles, Calif. 90024,
and the Dept. of Zoology, University of California, Davis, California 95616.
Laser light diffraction patterns were examined from intact and chemically skinned isolat-
ed frog semitendinosus muscle fibers subjected to quick stretches and releases. The dif-
fraction pattern is projected as a series of points onto a CCD optical detector. Diffraction
data was sequentially stored every 18 ms by a digital computer and later analyzed for sar-
comere length, first order line intensity, and dispersion. Tension records were simultan-
eously photographed from a storage oscilloscope. Quick stretches and releases of less than
2% length change on tetanically stimulated or fully activated muscle fibers indicated that
the transient sarcomere length change occurred completely in less than 18 ms. Transient
tension responses demonstrated a long (100-150 ms) tension recovery phase with no further
corresponding length change. For sarcomere length changes of less than 14 nm/half sarcomere,
there is probably little or no cross-bridge reattachment, only series elasticity and poten-
tial energy redistributions within the cross-bridges. For larger length perturbations, the
attachment-reattachment process must occur quite rapidly (within 18 ms) but is not directly
indicated by the tension recovery as measured at the tendon. There were no significant
differences in data derived from intact or chemically skinned preparations, and no signifi-
cant alterations in intensity or dispersion during the length perturbations. This behavior
will be discussed in terms of series elasticity, potential energy, contractile protein
structure, and differential regional shortening of sarcomeres.
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M-PM-Pa70 EFFECT OF CROSS-BRIDGE ORIENTATION UPON MUSCLE FORCE AND STIFFNESS AT DIFFERENT
SARCOIEFYE LENGTHIS AND MYOFILAMENT SEPARATIONS. Mark Schoenberg, NIAMDD, NIH, Bethesda, MD
20014.
Recent evidence suggests that the length of the Sl "head," which forms the actin-myosin
cross-bridge in activated muscle, probably is longer than the surface to surface distance
between the actin and myosin filaments so that its three-dimensional orientation must be
considered. Accordingly, we studied the effects of cross-bridge orientation and myofilament
separation upon the stiffness and force per cross-bridge for several muscle models differing
in the location of the cross-bridge compliance, including those of Huxley and Simmons (Na-
ture, 233:533, 1971) and Eisenberg and Hill (Prog. Biophys. Mol. Biol., 33:55, 1978). In
each model, force is assumed to be generated by the cross-bridge attaching in a state having
one equilibrium angle with the actin filament and then transforming to a state having a sec-
ond, more acute equilibrium angle. In all models considered, azimuthal orientation of the
Sl "head" was found to have a significant effect upon the force and stiffness per cross-
bridge. However, at constant azimuthal angle, changes in filament separation of the magni-
tude encountered in the intact frog fiber between sarcomere length 2.2 and 3.6 pm have only
a small effect upon the force or stiffness per cross-bridge. The same is true for the mag-
nitude of the filament spacing changes that accompany the removal of the sarcolemma from
an intact fiber. This implies that if there is no systematic variation in cross-bridge
azimuthal angle with filament spacing change, the changes in S2 orientation which accompany
changes in filament spacing would not be expected to produce, a priori, a large effect upon
the axial force or stiffness per cross-bridge. In distinction, both filament spacing and
azimuthal angle would be expected to have a significant effect upon radial forces.
M-PM-Po71 EFFECT OF REDUCING EXTERNAL pH ON THE CONTRACTILITY OF SKELETAL MUSCLE FIBERS.
H. Gonzales-Serratos, C. Orozco*, R. Valle*. Center. Invest. IPN Mexico 14.
It has been proposed that the reduction of contractility produced by a4. of external pH
(pHe) is due to an effect of H ions on the surface membrane (Lorkovic, J. Gen. Physiol.
50: 863, 1967). But except for changes of HCO3-, internal pH (pH ) is nearly independent
of variations on pHe (Caldwell, J. Physiol. 142: 22, 1958). Therefore, if the reduction
of contractility is due to changes of pHes there should be no difference on which buffer
is used to change pH. But if it is due to changes in pHi, HCO3 should have a different
effect when compared with other buffers.
This possibility was tested in isolated fibers dissected from the frog semitendinosus.
They were stimulated with electric shocks and their force development recorded Tith a
transducer. The pH of the bathing solutions was changed with different buffers (MES,
HEPES, P04"', HC03-) using concentrations between 3-25 mmolar. Force, together with
the pH and temperature of the bathing solutions were recorded simultaneously. Changes
of pHe with HEPES, NES and P04= did not reduce contractility, instead they increased it
by 7% at pH 6.5 and by 10% at pH 5.5. On the contrary, with HC03 the tension development
decreased by 20% at pH 6.5 and by 100% at pH 5.5. Therefore, the decrease in contractility
due to the reduction of PHe may not be due to an effect of H ions on the surface membrane,
but to a reduction of pHi. The decrease of pHi could alter either the SR, the contractile
proteins or both.
Supported by grants IRO1 NS 14206-01 from the NIH, and Muscular Dystrophy Association
of America, Inc.
M-PM-Po72 EFFECTS OF ALTERING [MgATP2-J AT VARIOUS pH's ON RABBIT CARDIAC DISRUPTED FIBER
BUNDLE FORCE. S. Donaldson, E. Bond* L. Seeger* N. Niles* and L. Bolles! Physiology and
Biophysics and Physiological Nursing, Univ. of Washington, Seattle, WA 98195.
Small bundles of rabbit cardiac cells with disrupted sarcolemmas were prepared by homo-
genization in a high [EGTA] solution. Isometric force generation of each disrupted bundle
was monitored continuously using a photodiode transducer. Intracellular environment (23±1°C)
and Ca2+ activation were controlled and varied according to bathing solution composition.
Every bathing solution contained 7mM EGTA, lmM Mg2+, 70mM (Na+ + K+), imidazole (P=0.15M),
15mM CP2-, 15 U/ml CPK, propionate; variables were: [Ca2+], [MgATP2-], and pH. Paired data
were collected for various combinations of [MgATP2-] and pH over the entire range of acti-
vating [Ca2+]s. Steady state tension for subsaturating [Ca2+]s were expressed as precentages
of maximum force at the same [MgATP2-J and pH, yielding %T-pCa curves. At 2 mM MgATPz-.
Changing pH from 7.5 to 7.0 to 6.5 shifted the curve in the direction of higher [Ca2+]s
(@0.4 pCa Units/0.5 pH unit change) without significantly changing curve shape. This de-
pressant action of H+ on Ca2+ sensitivity of the force generating apparatus has been shown
to be a direct effect of H+ on the contractile system and not due to an error in calculated
free [Ca2+] at the various pH's (Pfliigers Arch. 376 (1):55, 1978). Maximum force generation
declined as pH decreased. In contrast, decreasing [MgATP2-] at pH 6.5 from 2 to 0.1 or 0.03
mM did not alter the %T-pCa curve. Maximum force at pH 7.5 and 6.5 was not altered by
changing [MgATP2-] from 2 mM, except that it increased at pH 6.5, 0.03 mM MgATP2-. Thus pH
appears to be the major determinant of cardiac Ca2+ activated force generation. Supported
by USPHS grants HL-17373, RR-00374, Nu-ooo44, HL-23128
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M-PM-Po73 POST-EXTRASYSTOLIC POTENTIATION OF SARCOMERE SHORTENING
A. Manring, R. Nassar,* P.A.W. Anderson,* N. Staffa,* and E.A. Johnson, Duke University,
Durham, North Carolina 27710
Trabeculae carnae isolated from the right ventricles of rabbits, cats, and ferrets were
held isometric. The muscle was stimulated at 0.33 Hz and 1-3 extra stimuli were introduced
after a regular stimulus. The waveforms of tension were recorded for the regular (R),
extra (E), and potentiated (P) contractions. The muscle was transilluminated by a He-Ne
laser. The microscopic image and diffraction pattern were examined along the muscle length.
The sarcomere lengths in muscle segments that were stationary with respect to the beam were
measured at 10 ms intervals during R, E, and P. Peak tension (F) and peak rate of rise of
tension (F) for P were greater than for R (Fp/FR=1.70 + .40, range 1.23-2.51; Fp/FR=1.83 +
.47, range 1.19-2.47). The instantaneous velocity of shortening (s) and peak sarcomere
shortening (A) varied from preparation to preparation and often from place to place along
the strand. Post-extrasystolic potentiation of F and F was associated with potentiation of
A (AP/AR=1.43 + .12, N=7, range 1.0-2.0), but not always of s. The waveform of shortening
during R and P comprised several phases, each phase being characterized by a distinct s,
(range-4.0 to +5.8 pm/s). Most phases were common to both R and P. We observed two ways by
which A was potentiated: 1. Slow shortening phases lasted longer or were more frequent in
R than in P; 2. Fast shortening phases lasted longer or were more frequent in P than in R.
The existence of these various shortening phases can be explained as the consequence of
sarcomeres cyclically contracting and relaxing, all at the same velocity but with varying
degrees of synchrony among sarcomeres; potentiation is a consequence of an increased amount
-- but not velocity of each contraction. This work is supported by NIH Grant #HL 20749
and #HL 11307.
M-PM-Po74 LOAD DEPENDENCE OF RELAXATION IN ISOLATED CARDIAC MUSCLE.
Y.C. Lecarpentier,+ N.M. De Clerck, and D.L. Brutsaert,+ Department
of Physiology, University of Antwerp, Antwerp, Belgium.
Relaxation in isolated cardiac cells ( mammalian ventricle ) without func-
tional sarcoplasmic reticulum ( SR ) has been shown to be solely determined
by activation. From the analysis of the time course of relaxation of after-
loaded contractions, we have now demonstrated relaxation of spontaneously
beating cells to be sensitive to load. Since spontaneous contractions are
known to be initiated by the release of calcium ions from the SR, the
appearance of load dependence thus emphasises the importance of an effective
SR for this phenomenon to become manifest. These findings are in line with
results obtained in intact frog cardiac muscle. In thece preparations
relaxation, which in the presence of a less officient St' is nornally zover-
ned by the decay of activation, could be inade load sensitive under various
experimental conditions e.g. high calcium, low sodium or ouabain, sugges-
ting that in frog calcium re-uptake by the SR is normally masked by the
transsarcolemmal calcium-sodium exchange.
M-PM-Po75 THE EFFECTS OF MG(2+) ON THE CA(2+) SENSITIVITY OF DETERGENT-TREATED SMOOTH MUSCLE.
A.R. GORDON AND D. COOPER*, UNIV. S. ALABAMA, MOBILE, AL. 36688.
In a recent study (A.R. GORDON, PNAS 75:3527,1978) rabbit taenia coli which had been
exposed to the nonionic detergent, Triton X-100, developed Ca(2+) induced tension responses
which were nearly equal to the tetanic tension obtained prior to the detergent treatment.
In addition, it was shown that the Ca(2+) sensitivity was affected by [Mg(2+)] and/or the
presence of previous contractions. In order to distinguish between these two possibilities,
the following experiments were done, extending the previous study. After overnight exposure
to Triton X-100, the relationship between tension and pCa was determined at either 1.0 or
8.9 mM Mg(2+). The determination was repeated a second time at either of the two [Mg(2+)].
The temperature was 22 C. The equation f(Ca) = 1/(1 + {K/[Ca]ln ) was fitted to the
tension-pCa data. The results are summarized in the following table:
CONTRACTION # [Mg(2+)] (mM) n pK N
1 8.9 3.06+/-0.1 5.77+/-0.03 19
1 1.0 2.58+/-0.1 5.90+/-0.02 24
2 8.9 3.43+/-0.1 5.64+/-0.02 15
2 1.0 2.72+/-0.1 6.16+/-0.02 19
The alteration of the Ca(2+) sensitivity could also be observed following a Mg(2+) or Ca(2+)
induced contraction, in place of the first tension pCa determination. In both the first and
the second contraction series, Mg(2+) decreased pK (p<0.001, N>34) and increased the
parameter n (p<0.001, N>34 ). These effects are consistant with those described by Bremel
and Weber (BBA 376:366,1975), in which Mg(2+) affected the high affinity Ca(2+) binding
sites of rabbit skeletal muscle myosin as well as shifted binding to lower pCa. (Supported
by NIH grant AM 18415).
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M-PM-Po76 RESTORATION OF CONSTANT VOLUME BEHAVIOR TO SKINNED SKELETAL MUSCLE FIBERS.
D.W. Maughan and R.E. Godt, Univ. Vermont, Burlington, VT 05401 and Medical College of
Georgia, Augusta, GA 30901.
Mechanically skinned fibers from frog semitendinosus muscle, examined using high power
light microscopy, were osmotically compressed in relaxing solutions by adding the long-
chain polymer polyvinylpyrrolidone (PVP-40, number average mol wt 40,000). A concentration
of 3% PVP is required to shrink the swollen fiber back to its in situ diameter. Over a
broad range of sarcomere lengths (2.10-4.60 pm), the inverse square of the fiber diameter
(D) increased smoothly and linearly with increasing sarcomere length (S) at any PVP conc-
entration (0-10%) according to the relation: D-2 = aO + a1S, where ao and a1 depend on PVP
concentration. In general, fibers exhibit constant volume behavior (i.e. ao = 0) between
2 and 4% PVP; outside this range, they do not (below 2% PVP, ao <0 in most fibers; above
4% PVP, a0 > 0). This result indicates that the constant volume behavior normally observed
in intact fibers is not necessarily lost as a result of the removal of the sarcolemma since
constant volume behavior can be restored by appropriately squeezing the swollen skinned
fiber back to near its in situ size. (Supported by PHS grants R01 21312-01 and AM 17828
and American Heart grant 78-634).
M-PM-Po77 THE DYNAIIIC STIFFNESS OF ACTIVATED VASCULAR SMOOTH MUSCLE CELLS.
M.J.Mulvany* and D.M.Warshaw* (Intr. by L.A. Mulieri) Aarhus University, Aarhus,Denmark.
The dynamic stiffness of activated whole smooth muscle is lower than that of skeletal
muscle, but the extent to which this is due to a greater compliance in the intercellular cor
nections or in the smooth muscle cells (SMCs) has not been established. To estimate the dyna-
mic stiffness of the SMCs we have attempted to determine the origins of whole smooth muscle
compliance using an arterial resistance vessel preparation (i.d.%100 pm) which is small enough
to permit direct visualization of the cells in their walls (Mulvany & Halpern, Nature 260,617
-619,1976). If this compliance is mainly within the SMCs, then it would be expected that when
the activated vessel is subjected to a quick release (QR) the length of the StlCs would change
during the QR, but that after the QR there would be little change in their length while the
tension recovered. Vessels were mounted on a myograph and set to internal circumferenceLO at
which maximum active wall tension ATo was developed. The activated vessels were subjected to
5 ms QRs of between 0.009 Lo and 0.063 LO and the images of the circumferentially arranged
cells were recorded at precisely defined times by taking flash photographs (exposure time 0.5
ms). The movement of an intracellular structure during a QR, Ax,, was determined by takingdouble exposures before and 4 ms after a QR and then measuring the separation of the double
images on the film. The movement of this structure after release, Ax2, was then determined by
taking double exposures 4 ms and 10 s after a QR. In 69 pairs of measurements obtained from
6 vessels the ratio Ax2/Ax was essentially independent of the extent of release and equal to
0.22+ 0.02 (SE). These resuTts therefore suggest that the compliance of the intercellular con-
nection is only about 22% of that of the SMCs. We have found the dynamic stiffness of the pre-
paration to be 53 +1 ATO/Lo (N=7), and therefore estimate that the dynamic stiffness of the
StlCs corresponds to about 65 ATo/Lo. Supported by Danish NATO Research Council.
M-PM-Po78 TENSION TRANSIENTS AND HRAT PRODLCTION IN RESPONSE TO SMALL SHORTENING RAMPS IN
SKELETAL MUSCLE. S.H. Gilbert, Dept. of Physiology, School of Medicine at Morehouse College,
Atlanta, GA 30314.
Gilbert & Matsumoto (1976) examined thermal responses to length perturbations in the form
of small rapid releases in isometric tetani in frog muscle and found the smallest length
change (Al) producing a thermal response different from the unperturbed isometric contraction
(except for thermoelastic heat) to be '1%1o. There was no extra heat produced in the first
few ms of tension recovery after any size of release. The purpose of the present study was to
see whether these thermal events bear any relation to the phases of tension recovery seen af-
ter length steps in single fibers. Paired sartorii of R. temporaria were stimulated for 2 sec
at 00 and length changes (0.1-1 mm, all to the same 12=1o+2 mm) applied after 1 sec of stimu-
lation. System compliance was 0.36 mm/N. Tension fell linearly with length for the first 3-4
ms, then declined more slowly. Tension recovery from A 0.l-1%2o showed three phasess (1) rap-
id recovery ending 10 ms after the beginning of the ramp; (2) slowing of the rate of tension
rise; (3) increase in the rate of tension rise. The duration of phase 2 was greater and the
rate of rise of tension in phases 2 and 3 smaller for smaller Al. Phases could not be distin-
guished following releases of 1%ko, but at least 3 phases could be seen in the tension res-
ponse during release. The dependence of the thermal responses on Al was similar to the ear-
lier work, but in eight of twelve experiments there was less heat produced during the first
80 ms after the beginning of releases of 0.l-0.4%oo than during the same time in an isometric
contraction at 22. Three of the other four experiments were made near the top of the length-
tension curve rather than on its descending limb. Preliminary analysis of the data suggests
that phase 2 of tension recovery may be associated with a heat rate lower than that in an
isometric contraction.
116a Biophysical Journal vol. 25, 1979
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M-PM-Po79 INTRACELLULAR K ACTIVITY IN HYPOXIC GUINEA-PIG PAPILLARY MUSCLE. T.F. McDonald*,
C.J. Cohen* and C.M. Baumgarten. Dalhousie Univ., Halifax, Nova Scotia, Canada and Univ.
of Chicago, Chicago, Il.
After 8 h of hypoxia guinea-pig ventricle Em was -77 mV, but EK based on tissue K content,
[K]., was -47 mV (McDonald & McLeod, J. Physiol. 229:559, 1973). This model was reexamined
using K ion-selective electrodes (ISE) made with Corning 477317 liquid ion exchanger. in a
ifresh muscle: E = -90.4 ± 1.3 mV (SE, N=14); a = 106.8 mM; E = -91.6 mV. Raising [K]
m k K 0
from 4.6 to 15 mM reduced E by 30.3 mV. Measurements after 14-23 h of hypoxia providem
evidence for electrical heterogeneity. One group of cells has an Em = -86.8 + 0.6 my (4
muscles); aK = 105.1 ± 6.3 mM (3 muscles); E = -91 .1 + 1.6 mV. Increasing [K] to 15K K 0
mM reduced Em by 26.5 mV. For the second group, AEISE = +11.3 ± 1.3 mV (3 muscles) upon
impalement, and AEISE = +12.6 mV in response to the same increase in [K]0. Hence, these
cells were depolarized. Tissue K, H20 and extracellular space analysis of hypoxic muscle
gave [K]i = 41.8 ± 4.7 mM (6 muscles) and apparent EK = -57.7 mV. ISE and tissue [K] i
iesults may be reconciled by assuming that some cells in the hypoxic muscle can maintain a
high K gradient while others cannot. The apparent discrepancy between E and E previously
m K
reported may be due to this heterogeneity of aK in hypoxic muscle.
M-PM-Po8O ELECTROGENESIS IN ISOLATED SMOOTH MUSCLE CELLS. John M. Caffrey* and Nels C.
Anderson, Jr.* (Intr. by Joh-n W. Moore) Duke University Medical Center, Durham, N.C. 27710.
Single isolated smooth muscle cells were obtained by disaggregation of the sto-
mach muscularis of Amphiuma tridactylum using purified collagenase in high-Ca+ Ringer
(lOmM)(Caffrey and Anderson, Fed. Proc. 37:2240 (1978). A graded, non-linear change in
membrane potential is observed in response to depolarizing current injection. Both the
amplitude and time course of this response are graded with stimulus strength. Increas-
ing the external calcium concentration (1 to 10mM), substitution of barium for calcium
(up to 5mM), external application of TEA+ (5mM) and 4-aminopyridine (l1M) all serve to
increase the amplitude and duration of the response. From these preliminary pharmacol-
ogical data and from examination of the activation kinetics of this response, it ap-
pears that voltage and time dependent membrane currents are involved in generating this
transient depolarization. Furthermore, this graded electrical activity was capable of
causing contraction.
Iontophoretic injection of EGTA caused both relaxation of the cell and conver-
sion of the graded response to a regenerative action potential with clear threshold be-
havior. Amplitude of the regenerative response is not a function of stimulus strength.
The decrease in input impedance and membrane time constant following EGTA injection
suggest an enhancement of the inward current as the basis for the conversion to the re-
generative response.
Supported by NIH grant AM21779 and NIH training grant 5 T32 GM07046.
M-PM-Po81 OUTWARD MEMBRANE CURRENT DURING ELECTROGENIC SODIUM EXTRUSION IN CARDIAC PURKINJE
FIBERS. D.C.Gadsby and P.F.Cranefield, The Rockefeller University, New York, N.Y. 10021.
Small bundles of canine cardiac Purkinje fibers <200 jim wide and <2 mm long, suspended in
a fast flow chamber, were voltage clamped using two microelectrodes; the membrane potential
was held at its low resting level in 4 mM [K]o, Cl-free (isethionate) fluid. On switching to
K-free fluid a maintained net inward current is seen and on returning to 4 mM [K]o a trans-
ient net outward current arises reaching a peak within a few seconds and then more slowly
declining to zero. The transient net outward current is due to temporarily enhanced electro-
genic Na extrusion and is completely abolished in the presence of ' 2xlO- M acetylstrophan-
thidin. The time course of decline of the transient net outward current is reasonably well
approximated by a single exponential. The peak amplitude of the transient outward current is
greater following longer periods of exposure to zero [K]o but the exponential time course of
outward current decline remains unchanged. The half-time of decline of this pump current
averaged 52 s (S.D.±13 s, 53 measurements) in 16 fibers from 8 hearts. If the Na:K coupling
ratio of the pump is constant under these conditions, i.e. independent of intracellular Na
concentratioi', [Na]i, these findings suggest that the rate of Na extrusion is proportional to
[Na]i and that the rate constant is independent of the initial level of [Na]i. The area under
the outward current transient represents the net charge on the Na ions extruded "electrogen-
ically" by the pump and the area included by the net inward current in K-free fluid provides
an underestimate of the quantity of Na entering the cells during the "Na-loading" period at
zero [K]O. The ratio of these two areas remains constant when the duration of the exposure
to K-free fluid is varied suggesting that the coupling ratio of the pump is, indeed, inde-
pendent of [Na]i, at least under the conditions of these experiments.
(Supported by USPHS grant # HL-14899).
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M-PM-Po82 NET PARAMETERS OF THE T-SYSTEM OF FROG SKELETAL MUSCLE FIBERS. Lee D. Peachey,
Department of Biology, University of Pennsylvania, Philadelphia, Pa. 19104.
The T-systems of several kinds of skeletal muscle fibers have been described following
examination of thin sections by transmission electron microscopy. In these preparations,
only isolated profiles of sections through the tubular network are seen, and the analysis is
done by extrapolation from these isolated profiles to three dimensions. With stereoscopic
high voltage electron microscopy, selective stains, and relatively thicker slices, it has
been possible to see extensive portions of the networks in three dimensions and to know what
the networks look like in actuality rather than in reconstructions inferred from views of
scattered profiles. With such extensive views, it has been possible to obtain in a direct way
the network parameters for several muscle fiber types including those of the sartorius of the
frog. Neglecting the relatively infrequent longitudinally oriented T-tubules, the T-systems
of these frog muscles can be described as irregular 3D nets with an average of 5.4 sides per
polygonal mesh unit and an average of 3.3 branches per node.(From data in Eisenberg, B.R. and
Peachey, L.D., 1975. 33rd Ann. Proc. Electron Microscopy Soc. Amer., 550-551). The
corresponding net designation would be (5.5, 3.3). These average parameters are very close to
those of the (, 3) semi-regular net consisting of pentagons and hexagons, which has average
parameters of (5.3, 3.2). The advantage of making this kind of analysis of the T-system as a
net is that, once having shown the similarity of the real T-system to a particular semi-
regular net, it then becomes possible to analyze the semi-regular net electrically and
transfer the results back to the T-system. It is shown, for example, that the geometric
factor a = 0.5 used by Adrian et al., (J. Physiol. 204:207-230, 1969) in their cable analysis
of the T-system of frog skeletal muscle is a good approximation.
M-PM-Po83 THE CHARGE MOVEMENT EXPECTED FROM CURRENT FLOW INTO THE SARCOPLASMIC RETICULUM.
R. Mathias, R. Levis & R. Eisenberg, Dept. of Physiology, Rush Univ., Chicago, IL 60612.
An electrical connection between the T-system and sarcoplasmic reticulum (SR) has previ-
ously been considered as an explanation of asymmetrical capacity currents in skeletal muscle.
The general-conclusion has been that such a connection will not account for the currents;
however, the objections have been mostly qualitative. We have proceeded with a quantitative
analysis to determine the assumptions necessary to meet these objections. We imagine a con-
nection between T-system and SR to be transient and nonspecific, forming rapidly upon depo-
larization and recovering slowly upon repolarization. This time course is necessary to al-
low the SR membrane to charge and discharge through the transient channel, thus giving ap-
proximately equal on and off charge movements. To produce a reasonable SR potential without
excessive charge movement, we allow charge storage only on the membranes of the terminal
cisternae (TC). The observed time course and voltage dependence of charge movement can be
matched, below saturation, by adjusting TC and channel conductances; however, the predicted
charge movement will not saturate. The rapid time course of the off asymmetry current is
produced by ascribing instantaneous inward going rectification to the transient channel. A
leak current appears due to the new path for ionic current through the channel and TC. The
magnitude of the leak is comparable to that observed, but its voltage dependence differs.
We have assumed a voltage independent TC conductance; however, a nonlinear Ca++ conductance
in the TC could remove most of the voltage dependent leak current and cause some saturation
of charge movement.
M-PM-Po84 STRUCTURAL CHANGES IN THE T-SR JUNCTION IN ACTIVELY CONTRACTING SKELETAL MUSCLE.
B.R. Eisenberg, R.S. Eisenberg & A. Gilai*, Rush University, Chicago, IL 60612.
The structure of the junction between tubular system and sarcoplasmic reticulum has been
examined quantitatively in resting and stimulated single muscle fibers dissected from Xenopus
laevis. Structures resembling pillars were occassionally seen between the membranes of the
t-system and terminal cisternae in resting fibers. Such pillars were also observed in fibers
injected with horseradish peroxidase. Other workers have observed similar structures in
thin sections, freeze fracture, and tannic acid treated preparations. Single muscle fibers
were fixed with glutaraldehyde during maintained repetitive stimulation at 1 Hz. In stimu-
lated fibers, pillars were observed in 21 ± 5% of all triads (mean ± std. dev., n = 11
fibers). In resting fibers, pillars were observed in 8 ± 6% of all triads (n = 6 fibers).
The difference between means appears significant. Exposure of fibers to 100 mM K+ produces
more tension for much longer than the duration of a twitch. Thus, fibers have been fixed
with glutaraldehyde during a potassium contracture. The one fiber measured to date has
pillars in 48% of its triads.
The formation of pillars between T-system and SR appears to accompany activation of the
contractile system and might therefore be expected to play a significant role in excitation-
contraction coupling.
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M-PM-Po85TEMPORAL COMPARISON OF DIFFERENT OPTICAL SIGNALS ASSOCIATED WITH E-C COUPLING IN
FROG MUSCLE. S.M. Baylor, W.K. Chandler and M.W. Marshall. Department of Physiology, Yale
Medical School, New Haven and Department of Physiology, Newcastle Medical School, Newcastle-
upon-Tyne.
This poster session compares the myoplasmic Ca transient, estimated with Arsenazo III,
with other optical signals in singly dissected frog twitch fibers. These signals have been
suggested to monitor steps in E-C coupling. The intrinsic birefringence signal (Baylor &
Oetliker, 1975) was measured at 700-750 nm to avoid complications due to changes in Arsenazo
absorbance. When movement artifacts were minimized by using high stretch and D20, this
signal (16'C) virtually superimposed the Arsenazo Ca signal, both in onset (Suarez-Kurtz &
Parker, 1978) and in subsequent time course. By contrast, the change in Nile Blue fluores-
cence (Bezanilla & Horowicz, 1975) reached a peak after the Arsenazo signal and showed a
slower decay to baseline. Simultaneous measurements of Nile Blue fluorescence and bire-
fringence confirmed the later time course of the fluorescence signal. Two other signals
showed a later time course than Arsenazo Ca or birefringence, the Arsenazo dichroic signal
(abstract at this meeting) and an unfortunate component of the cyanine dye (di-I-Cl-5)
fluorescence signal (an increase in fluorescence seen at low concentration). All these
signals, except the Arsenazo dichroic signal, have been studied in voltage clamped fibers
using TTX and TEA to block Na and K currents. Near mechanical threshold all signals were
steeply voltage dependent, changing e-fold for 3-5 mV.
M-PM-Po86 MECHANISM OF ACTION OF PENTAGASTRIN ON EXCITATION-CONTRACTION COUPLING IN GASTRIC
SMOOTH MUSCLE. K.G. Morgan* and J.H. Szurszewski* (Intr. by G.W. Beeler), Mayo Medical
School, Rochester, MN 55901.
Microelectrodes were used to record intracellular potential from single cells of canine
(antral and corporal) gastric smooth muscle strips. Force was simultaneously recorded by a
transducer. These tissues are spontaneously active, generating phasic contractions at a
frequency of 1 to 4 per min. The gastric action potential (AP) consists of an upstroke
followed by a plateau potential. Pentagastrin (PG) increased the force of phasic contrac-
tions in corporal and antral muscles. This was associated with an increase in the amplitude
and duration of the plateau potential. In corporal muscle, (PG) also increased basal tone
of the preparation. This effect was associated with a depolarization of the resting poten-
tial. K depolarization was used to generate voltage-tension (V-T) curves for corporal and
antral preparations. Both muscles displayed "mechanical thresholds". Comparison of the
V-T curves to the effects of PG indicates that the pentagastrin-induced increase in tone in
corporal muscle occurred with subthreshold depolarizations and in this sense, must have
occurred by a voltage-independent mechanism. In contrast, the results on the PG-induced
increase in phasic activity are consistent with the hypothesis that the increase in the
plateau potential amplitude caused the increase in contractility by a voltage-dependent
mechanism. The increase in phasic activity was associated with a marked increase in
membrane conductance only during the AP. The increase in tone was associated with a slight
increase in conductance between the AP's. We speculate that PG increases phasic activity by
increasing the calcium conductance of voltage-sensitive channels while it increases basal
tone by increasing the calcium conductance of a non-voltage dependent pathway. Supported by
NIH AM 17238, American Heart Association and Minnesota Heart Association.
M-PM-Po87 CALCIUM T'RANSIENTS IN SKELETAL MUSCLE ARE NOT NECESSARILY ANTAGONIZED BY MUSCLE
"RELAXANTS". J.R. Lopez, L.A. Helland*, L.A. Wanek*, R. Rudel* and S.R. Taylor, Department
of Pharmacology, Mayo Foundation, Rochester, Minnesota 55901.
Substances from several classes of chemical compounds are used clinically to reduce muscle
spasms and are termed relaxants. Various mechanisms of action have been attributed to re-
laxants including (i) activation of GABA receptors, (ii) inhibition of spinal reflexes,
fusimotor fiber activity, muscle spindle discharges, or neuromuscular transmission, and (iii)
direct antagonism of an increase in myoplasmic Ca2+. We studied the effects of some
"relaxants" on intracellular Ca2+ transients in frog skeletal muscle. Single isolated fibers
were microinjected with the calcium-sensitive photoprotein aequorin (J.Physiol.277:291,1978).
Light emission and contractile force in response to electrical stimulation were recorded
(15°C; 2.1-2.2 pm) before and after one of the following compounds was added to the bath:
the GABA derivative baclofen (10-7 to 10-5M); the minor tranquilizers chlordiazepoxide (10-5
to 5 x 10-4M) and meprobamate (5 x 10-3M); the vasorelaxant nylidrin (10-5M); the direct-
acting muscle relaxant dantrolene. All the compounds except dantrolene increased total
light emission and peak force and delayed the decay of light and force. Dantrolene, on the
other hand, progressively decreased peak twitch and tetanic force and the amplitude of the
associated aequorin responses; effects began at 10-8M and were maximal at 10-5M. Rates of
decay of light and force were unaffected by dantrolene. These results directly confirm
suggestions that dantrolene interferes selectively with Ca2+ release. Evidently "relaxants"
other than dantrolene actually enhance an increase in myoplasmic Ca2+ and increase
contractility when they directly contact skeletal muscle. (Supported by the CONICIT of
Venezuela, NS 14268 from the USPHS, and 77-983 from the AHA.)
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M-PM-Po88 CALCIUM TRANSIENT: THE EFFECT OF LENGTH CHANGES ON THE FALLING PHASE IN SINGLE
MUSCLE FIBERS. A. M. Gordon and E. B. Ridgway, Department of Physiology and Biophysics
University of Washington, Seattle, Washington 98195 and Department of Physiology, Medical
College of Virginia, Richmond, Virginia 23298.
We have investigated the effects of length changes on single muscle fibers from the
barnacle, Balanus nublius. The data were collected from aequorin injected fibers under
voltage clamp and length clamp conditions at 70C, and the results stored on a computer to
aid in the analysis. When fibers are released (allowed to shorten) a few percent during
the falling phase of the calcium transient, extra light is seen coincident with the
release, indicating extra calcium in the sarcoplasm. Conversely, when the fibers are
stretched (lengthened) during the falling phase of the calcium transient, we can observe
a decrease in the sarcoplasmic calcium level. Increasing the extent of the release,
increases the amount of extra light observed. Releases made close to the peak of the
calcium transient produce more extra light than releases made close to the peak of the
tension response (when the calcium transient is low). Thus the amount of extra calcium
produced by shortening correlates with the instantaneous calcium level and does not
correlate with the instantaneous tension level. The simplest explanation for these
results, and others, is that the binding constants of the contractile proteins for calcium
are increased by stretch and decreased by release; and further that the binding of calcium
to these proteins is both rapid and reversible. (Supported by NIH Grants NS08384 and
NS10919.)
M-PM-Po89 MYOCARDIAL HEAT PRODUCTION ALTERATIONS ASSOCIATED WITH OVERDRIVE SUPPRESSION IN
THE ISOLATED PERFUSED CAT HEART. S.R. Houser,* A.R. Freeman, E.A. Breisch*, T.M.Ja.ggr*,
J.M. Spann* and R.L. Coulson. Depts. Physiol. and Cardiol. Temple Univ. Sch. of Med., Phila.,
Pa. 19140 and Southern Illinois Univ. Carbondale, Illinois 62901.
The relationship between overdrive suppression (OS) and myocardial heat production was
studied in the isolated Langendorf-perfused cat heart. Ten hearts beating spontaneously in
ventricular rhythm (AV block) were electrically paced in a cardiac calorimeter at 90/min for
durations of 15 to 180 seconds. Throughout the experiment left ventricular isovolumic pres-
sure-time area (!Pdt) and total myocardial heat production (mW/gm) were measured. The re-
sults show that OD (OD = postdrive interbeat interval/predrive interbeat interval) increased
with prolongation of the drive time (OD = 1.72, 2.14, and 2.63 at durations of 30, 60, and
120 seconds respectively). Drive associated heat increments (AH) were tabulated during the
period of OS, when there was no contribution from performance dependent heat. AH was found
to increase as a function of drive duration. This relationship was nonlinear with the slope
decreasing with increasing drive duration. A similar type of relationship was found when OD
was expressed as a function of drive duration. It has been suggested that electrogenic Na+
pumping is responsible for OS of ventricular pacemakers. Since this ion pumping mechanism
is energy consuming an increase in its activity should be evidenced by an increase in heat
production. Support of this notion was found in a significant (p < .01) correlation (r = .36,
N = 58) between AH and OD which was independent of drive duration. This finding, suggests
AH is representative of the enthalpy of the reactions responsible for OS. The slope (1.143
+ 0.151 mW) of this relationship represents the power cost of OS independent of drive
duration. This is interpreted as reflective of the aerobic unit enthalpy cost of electro-
genic Na+ pumping per gram of heart. (Supported by NIH 1T32HL07198 and HL 19046).
M-PM-Po90 REDUCED HEAT PRODUCTION OF THE CAT MYOCARDIUM IN COIVPENSATED PRESSURE-OVERLOAD
HYPERTROPIY. E.A. Breisch*, S.R. Houser*, J.F Span*, R.L. Coulson Temple University
Philadelphia, PA 19140 and Southern Illinois University, Carbondale, IL 62901
Isovolumic left ventricular pressure, pressure-time integral and total heat production
were measured in isolated Langendorf-perfused hearts suspended in a Dewar, flask cardiac
calorimeter at various volumes on the ascending limb of the Frank-Starling curve. Six weeks
after constricting the ascending aorta by 79% with a circular clip experiments were per-
formed on six hypertrophied (LVH) hearts and a like number of unconstricted controls (C).
Left ventricles were hypertrophied by 56% (C- 2.71 + 0.01 g/Kg; LVH 4.22 + .11). At the
apex of the Frank-Starling curve left ventricular pressure was not significantly different
from control in the hypertrophied hearts (C- 81.3 + 10.3 mmHg; LVH 70.6 + 4.2 mninHg). Time
to peak pressure and half relaxation time were increased in hypertrophy by 39% and 84% re-
spectively. While the pressure-time integral for hypertrophied hearts was substantially in-
creased over control, because of the concomitant increase in left ventricular mass pressure-
time area per gram of left ventricle was not significantly altered. (C- 5.16 + 1.21 mmHg
s * g-l; LVH 4.00 + 0.48 mmHg * s * g-l). Total heat production per gram left ventricle was
reduced by 39% in the hypertrophied hearts (C- 12.7 + 1.43 mW * g-1; LVH 7.82 + 1.13 mW * gK4
The relationship among these results was similar at all left ventricular isovolumic volumes
on the ascending limb of the Frank-Starling curve. Compensated pressure overload hyper-
trophied hearts were able to generate and maintain left ventricular pressure at a substan-
tially lower level of total metabolic heat production than control hearts. (Supported
NIH HL-19461, HL-07198).
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M-PM-Po9l ENERGY USAGE AND ISOMETRIC FORCE AT DIFFERENT SARCOMERE LENGTHS IN LIMULUS TELSON
MUSCLE. S.Davidheiser; and R.E.Davies, Dept.of Animal Biology, Univ.of Penn.,Ph.Ia.Pa. 19104
The amount of energy utilization [difference in phosphorylarginine(APArg) from control,
unstimulated muscles from the same animal] and isometric force were determined in Limulus
telson muscles following a 30 sec tetanus at 180 at lengths above 10 (7pm sarcomere length)
when thick filaments remain long and at lengths below lo when thick filaments shorten. At a
sarcomere length of 12pm both force and energy usage were significantly lower compared to
muscles stimulated at l. The 12pm group of muscles developed a force of 6.2±1.6(SE) N/cm2,
n=10, and the APArg was -0.110.01 mole/mole total arginine(At), n=8, At=25pmoles/g. The
10 group developed a force of 15.9±1.9 N/cm2, n=8, and utilized 0.20±0.01 mole PArg/mole At,
n=8. At short sarcomere lengths, unlike the situation in frog skeletal muscle (Infante,
Klaupiks and Davies, Biochim. biophys. Acta 88, 1964), energy usage did not decrease in re-
lation to force. The muscles stimulated at sarcomere lengths of 4pm like those at 12pm de-
veloped '40% less force than the lo group (5.5±1.1 vs 12.9±2.0 N/cm2, n=16 and 12, re-
spectively). No significant difference in energy usage was seen between the 4pm and 7pm
groups (-0.15±0.01 vs -0.14±0.01 mole PArg/mole At, n=16 and 12, respectively). When mus-
cles were stimulated at sarcomere lengths below 3 pm they developed no force (0.00±0.00
N/cm2, n=8) but energy usage was the same as that of the 10 muscles (-0.19±0.01 vs -0.20
±0.01 mole PArg/ mole At, n=8 and 8, respectively). These results indicate that Limulus
telson muscles contracting at short muscle lengths when thick filaments are short have a
lower economy of external force development + maintenance as well as a reduced ( =50%) ef-
ficiency (work/APArg) for doing maximal external work (Davidheiser, Delluva and Davies,
Fed. Proc. 37, 1978). Supported by NIH Grant HL 15835.
M-PM-Po92 P1YSIOLOGECAL CORRELATE! OF THE IMIPRAMINE-INDUCED RELEASE OF CREATINE KINASE FROM
SKELETAL MUSCLE. G.Suare%_Kurtz* (Intr. by J.P.Reuben), H. Houston Merritt Research Center,
Dept. of Neurology, Columbia University, New York, N.Y. 10032.
Frog sartorius (S), semitendinosus (ST) or extensor longus digiti IV ("toe", T) were moun-
ted in a sample collecting unit, isometric tension was recorded, and the activity of creati-
ne kinase appearing in the bathing medium (CK release) was measured by a modified Rosalki
procedure (J. Lab. Clin. Med. 76!231, 1964). The basal rate of CK release was similar in S
and T (average 0.84 U/g/min.) and greater than in ST ((0.1 U/g/min.). These rates were not
affected by removal of Na or Cl (replacement with Tris or propionate, respectively) 'or by
isosmotic increases in Ko (120 mM) or Ca (20 mM). Imipramine (I) in concentrations which
evoked contractures (>0.5 mM) increased CK release. The magnitude of the effect on CK relea-
se increased with the time of exposure of S to sub-maximal concentrations of I. Between 15
and 30 minutes the average increases above the basal release were 1.8, 3.1 and 4.4 times,
for 0.5, 1.0 and 2.0 mM I, respectively. Pretreatment with procaine (8 mM) prevented both
the contractures and CK release induced by I. Cl-withdrawal previous to, or during, the ex-
posure to I augmented both the contracture tension and CK release induced by the drug. Stret-
ching the ST muscle sufficiently to block twitches prevented the I-induced contracture but
did not abolish the I-induced CK release. Removal of I (2 mM) after a 15 minute exposure re-
sulted in relaxation of the S muscle contracture but the rate of CK release remained eleva-
ted long after tension returned to baseline. It is suggested that prolonged elevation of
sarcoplasmic Ca concentration greatly enhances the loss of CK from skeletal muscle. Suppor-
ted by MDA and CNPq (Brazil).
M-PM-Po93 IrNFLUENCE OF POSITIVE AND NIEGATIVE INJOTROPIC AGENTS ON INCORPORATION OF [32PlORTHO-
PHOSPHATE INTO M1YOFIBRILLAR PROTEINS OF PERFUSED RAT HEART. S.J. I(opp* and M. Bara'ny, Univ.
of Ill., Medical Center, Chicago, 60612 (Spons. by K. Ba'rany).
To correlate 3 P incorporation into cardiac myofibrillar proteins with altered inotropism
of the heart, modified Langendorff rat heart studies were undertaken. Hearts (N=28) were ex-
posed to 1 mCi/L carrier-free 32p in combination with either control, 30 mM KC1, 20 mM MgC12,
6 PM CdCl2, 0.6 pM Pb(MCH5O7), 6.5 mM CaCl2, 0.76 pM isoproterenol (IPR) or 7.6 PM IPR.
Triton-DOC washed fibri s were prepared and electrophoresed on SDS urea gels. The radioacti-
vity of the protein zones was determined from digested gel slices. The specific activity of
32p in PCr was the reference for the specific incorporation into the proteins. The positive
inotropic agents (Ca2+ and IPR) caused significantly increased phosphorylation of the tropo-
nin inhibitory subunit (TN-I) (289% and 444% for Ca and IPR, respectively) which correlated
with an increased myocardial contractility (209% and 178%, respectively). The light chains
(L1 and L2) and actin phosphorylations did not differ significantly from control. The nega-
tive inotropic agents did not affect actin, L; or TN-I 3 P incorporation despite signifi-
cantly depressing contractility. However, Pb+ and Mg2+ significantly depressed L2 phos-
phorylation (-62% and -76% of control). Cd2+ and K+ did not affect Lv 32p incorporation. In
summary, positive inotropic changes in the heart caused by Ca2+ or IPR are associated with
increased phosphorylation of TN-I; however, negative inotropism does not depress TN-I phos-
phorylation Reduced myocardial contractility caused by PbZ+ and Mg2+ is associated with de-
pressed L2 32p incorporation, while other depressant factors, Cd2+ and K+ exhibit no effect.
Although depressed myocardial contractility may be induced by other mechanisms, reduced L2
phosphorylation appears to be a factor in the negative inotropisn of the heart. (Supported
by NIH Fellowship 1 F32 ES05112 TOX, NIH NS-12172 and MDA).
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M-PM-Po94 THE CALCIUM TITRATION CURVE OF GLYCERINATED SKELETAL MUSCLE: LEAS,
SQUARES ANALYSIS OF INTRINSIC BINDING CONSTANTS. Franklin Fuchs and Beverly Black.
Dept. of Physiolop, University of Pittsburgh, School of Medicine, Pittsburgh, PA 1526i.
Analysis of Ca -binding data for glycerinated psoas fibers, using standard linear plots, has indicated
some positive interaction between binding sites when cross-bridges are attached to the actin filaments
(Fuchs, F. Biochim. Biophys. Acta 462:314, 1977). Since graphical analysis does not lend itself to a
simple quantitative interpretation under such circumstances, we have analyzed our data in terms of a
classical multiple equilibrium model. Assuming 4 binding sites per troponin molecule, the intrinsic
binding constant for each site was estimated by means of a non-linear least squares curve fittir,
program (iNIH-MLABX6 For fibers 6with maxium overlap (in rigor) we obtained: k =3 3x10
k =1.8xl0, k =6.2 x 106, k4=9.4 x 10 (units, M . Fqr fibers stretched to zero filament ovJlap thereire 3 bindin-si2es with k = k = k = 4.8 x 10 M . These results provide a quantitative basis for
earlier graphical analyses sdggesAng a'i effect of cross-bridge attachment on the interactive properties
of binding sites. With rigor complexes formed there appears to be one pair of sites which interact
positively and a second pair which exhibits independent binding. With cross-bridges detached there are
three independent sites. Supported by grants from the NIH (AM 10551) and the Muscular Dystrophy
Association.
M-PM-Po95 STUDIES OF INTRACELLULAR FREE Mg2+ IN FROG SARTORIUS MUSCLE. Ra K. GuDL& and
Richard D. Moore (Intr. by Mark Fidelman) Institute for Cancer Research, Philadelphia, PA
19111 and SUNY, Plattsburgh, NY 12901 2+
In continuation of our studies on the intraellular free Mg in frog musc es, we have
studied the effects of insulin and external Mg + on the intracellular free Mg1+ in intact
frog sartorius muscle from Rana pipiens under physiological condit ons. The intracellular
level of free Mg2+ in intact sartorius frog muscle suspended in Mg +-free Ringer as
measured by the separation between the acP and aP resonances in the NMR spectrum of intra-
cellular ATP (Gupta et al., J. Biol. Chem. 253, 6172) is 0.7 + 0.1 mM which is identical
to the value obtained previously for the frog gastrocnemius muscle (Moore, Fed. Proc. 37,
1690). Identical values, within experimental error, for the level of intracellular free
Mg were obtained from a sartorius muscle suspended for 1.5 hours in a large volume
(1000-fold excess over the muscle volume) of Ringer containing physiological levels
(1.6 mM) of Mg2+. Treatment of the muscle with insulin for 1.5 hours with or without
external Mg2+ also produced no change in the intracellular level of free Mg 2+. These
results argue against any role of the intracellular free Mg2+ in mediating the effects of
insulin on glycolysis but suggest the existence of a cellular mechanism responsible for the
regulation of intracellular free Mg2+ in frog muscle. (Supported by NIH Grants AM19454,
AM13351, AM17531, AM21059 and RCDA AM00231).
M-PM-Po96 EVIDENCE FOR ANOMALOUS ANION DISTRIBUTION IN INTERSTITIAL SPACE OF STRIATED MUSCLE.
D.D. Macchia, E. Page, and P.I. Polimeni? University of Chicago, Chicago, Illinois 60637.
To examine effects of interstitial fixed charge on anion distribution of rat left ventri-
cle and gastrocnemius and on toad (Bufo marinus) semitendinosus, in vivo extracellular space
(ECS) was measured simultaneously with the charged and uncharged extracellular tracersi5S02 and 3H-sucrose. Animals were anesthetized, their plasma was sampled, and their mus-
cles were excised at intervals of 10-100 mmn. (for rats) or 20-260 min. (for toads) after
intraperitoneal injection of the isotopes. Plasma specific activity was effectively con-
stant within 5 min. (rats) and 10 min. (toads). In nephrectomized rats and in toads with
intact kidneys, sucrose and S04-spaces were constant for several hours. Mean sucrose and
S04-spaces (g EC water/g wet weight) in rat ventricle (n-10) were 0.204 ± 0.007 and 0.205 +
0.006 respectively (P > 0.80 by paired t-test). In rat gastrocnemius (n-10), mean sucrose
space (0.150 ± 0.007) exceeded mean SO4-space (0.105 ± 0.006), with P < 0.0001 for paired
samples. In toad semitendinosus (n. 44), mean S04-space (0.213 ± 0.009) exceeded mean
sucrose space (0.191 ± 0.008), with P < 0.0025 for paired samples. Moreover, recent morpho-
metric estimates of ECS in rat gastrocnemius by Macchia and Page, and earlier morphometric
estimates in rat ventricle (Polimeni, Am. J. Physiol. 227:3, 1974) agree with the above
3H-sucrose spaces. These observations suggest that interstitial fixed charges can lead to
extracellular anion exclusion or accumulation. The magnitude and direction of this effect
differ for different striated muscles. Supported by USPHS grant No. HL 10503.
